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Introducing 


the first Chevrolet Wagon 
with diesel power. 


beines miles on a singlet tank of fuel in the city, 
an estimated 682 miles on the ape 


You can also drive that 
same New Chevrolet Diesel 
Wagon with the fuel 
economy usually associated 
with a compact car—an 
EPA estimated (21) MPG, 
31 highway. 

And do it all with an 
engine that has no spark 
plugs to change, no 
distributor to replace, no 
carburetor to adjust. 

Range figures obtained 
by multiplying the 22-gallon 
fuel tank capacity by (21) 
EPA estimated MPG (city), 
31 highway estimate for an 
*80 Caprice or Impala 
Wagon with available diesel 
engine. Not available in 
California at time of 
printing. See your dealer 


for availability. *Remember: 


Compare the EPA 
estimated MPG with that 
of other cars. Your mileage 
and range may vary 
depending on speed, 
distance and weather. City 


EPA EST. MPG" — HWY. ESTIMATE" í 

Plus a 22-gallon fuel tank. A convenient 3-way 
door-gate. 

V; ^w 


PN 
A generous 87 cu. ft. 
capacity. 


Stretch-out-and-relax 
comfort. 


A 4' x 76' floor (rear seat 
down). 


a € 
Second seat releases at a 
touch. 


Plus side storage and utility 
trays. 


Lockable underfloor storage. 


mileage and range will be 
less in heavy city traffic, 
your actual highway 
mileage and range will 
probably be less than the 
highway estimate. 

The New Chevrolet is 
equipped with GM-built 
engines produced by 
various divisions. See your 
dealer for details. 


Of course, what makes 
the new available V8 diesel 
engine especially attractive 
is The New Chevrolet it's 
available in— trim Caprice 
and Impala Wagons 
delightful to drive, 
remarkably pleasant to 
maneuver and park. Yet 
with a full measure of those 
virtues you buy a wagon 
for in the first place. 

See your Chevy dealer 
about ordering The New 
Chevrolet Diesel Wagon 
today. 
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Mechanics and Handicraft ® Popular Science $9. Copyright © 1979 by 
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There is something to be said for the uni- 
versal popularity of Backgammon. Its origins 
have been traced back 3000 years before 
Rome. 

For most of us, the sum total of this rich 
history amounts to hours of stimulating 
play. For the aficionado, it presents an en- 
counter of skill and challenge enmeshed 
in strategies that have been polished to an 
art after centuries of practice. 

It's no wonder, then, that some of America's 
finest electronic engineers have sought to 
put the magic of Backgammon onto atiny, 
solid state computer chip. Until recently, 
the ability of capturing the mathematical 
complexity of the game, without it cost- 
ing a small fortune, was near impossible. 
But, Fidelity engineers have finally done it. 


Total Enjoyment 

For every enthusiast who has ever moved 
a tile across a gammon board, the Fidelity 
Backgammon Challenger is the most ex- 
citing and complete electronic game imag- 
inable. Apart from being an exceptional 
value—we planned it that way—its ex- 
traordinary microprocessor brain is pre- 
programmed with a phenomenal amount 
of gammon mastery and flexibility. 


Play is Easy 
Fidelity's success with its chess and bridge 
games is, in part, its ease of game control. 
You don't have to become an electronic 
genius to enjoy their units. In fact, com- 
mon sense keyboard inscriptions put you 
in command in minutes. 

The Backgammon Challenger is a fas- 
cinating teacher as well as an intriguing 
opponent. You are not restricted to a specific 
method of play. While some games dictate 
that the computer roll the dice, the Chal- 
lenger gives you 3 options: 

a) You can roll a real pair of dice for 
yourself, while the computer rolls its 
own, "dice; for itself. 

b) Or, you can roll for yourself and the 
computer. 

C) Or, it can roll for you and itself. 

This flexibility is not available on other, 
even costlier, games. 


The only one to own 


Backgammon 


Of course, it can double 
The doubling cube is very much a part of 
the Challenger’s logic. If, during theaction, 
it feels that it has the edge, it will double 
the stakes. If you have already done so, 
it knows to surrender or accept the cube. 
If it accepts, it quite naturally, can redou- 
ble at its own discretion. A tiny red lamp 
lights to indicate cube possession. 


Position Verification 
The PV key may be used anytime during 
the game to display the doubling cube's 
value. This key is also used to verify stone 
positions on the field. 
Scoring is shown at the end of a game. 
The Challenger automatically accumul- 
lates scores until it is turned off. 


It knows the rules 

The Fidelity game is exceptionally cunning. 
It plays a fine backgame and employs du- 
plication and diversification strategies. Its 
blocking defenses, alone, present an in- 
valuable education for any player. But, it 
won't permit wrong doing—on either your 
part or its own. Along with the vast libraries 
of knowledge that have been fed into its 
brain, are all the rules that govern regu- 
lation play. 


Problem Solving 
With the Challenger, you can set up specific 
encounters and then watch how the com- 
puter handles them. You can even switch 
places with it, mid-game, to see how it 
would carry on with your play. 


s UE 


TANGLEY OAKS—An authentic, 
English Tudor Castle and home of 
Camelot Direct. 


Panache 


From Fidelity—king of the encounter 
games—comes the most challenging 
gammon computer you can own or 
give...and you can, for so very little. 


Some Specifications 

The Challenger is an unusually affordable, 
intelligent game. Its comfortable half inch 
square tiles are magnetized to stay where 
you place them on the scratch proof mylar 
table. This set is mounted in a simulated 
wood-grained housing which measures 
121%" x 8" x 1" It operates on 110V house- 
hold current. Bright, half inch tall LED 
electronic digits provide unmistakably 
clear readout. It is backed by a 90-day 
manufacturer's limited parts and labor 
warranty. 


Enjoy it for 10 Days—At our expense 
As a gift, or for yourself, the Challenger 
is a superb Backgammon computer. If, 
within 10 days you are not satisfied, sim- 
ply return it for a prompt, no-questions- 
asked refund. 


CREDIT CARD ORDERS CALL TOLL FREE 
800-621-5809 


ILLINOIS RES: 800-972-5858 
24 HOURS—7 DAYS/WEEK 


Backgammon Challenger(s) | 
.95 each plus $3.00 for packaging and insurance. 

Ilinois residents add 5% sales tax. Prices slightly higher 
| beyond Continental U.S. 
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use of the large volume 


Leisure home from PS plans 


In March 1977, you carried plans for a 
"Skewed-Prow" two-story leisure home, 
which we have now built using plans we 
ordered from PS. 

We are delighted with the outcome. We 
built the home in the Moonridge area of 
Big Bear Lake, Calif. It was built for us by a 
local contractor, Norm Reinik, and he did 
an outstanding job. The only modification 
we made was to eliminate the decking 
down the side of the house since our lot is 
only 40 feet wide. Here is a picture of the 
completed house. 

Col. Roland B. Scott 
Sherman Oaks, Calif. 


Offspring of perpetual motion? 


| read the article "Magnetic ‘Wankel’ ” in 
the June 1979 issue with great interest. 

| have been a perpetual-motion nut for 
37 of my47 years. In 1965 | built another of 
my attempts at the evasive discovery. It is 
a circular array of bar magnets with like 
poles facing the same direction. The rotor 
is a steel spiral. If a full circle of magnets is 
in place, the rotor will not move due to 
equal forces. (Of course, continuous rota- 
tion was the intention.) Remove 90 de- 
grees of magnets and the rotor will rotate 
270 degrees and stop. It does not have 
enough momentum to break free from the 
last magnet, jump the gap, and start an- 
other cycle. A double-spiral rotor | made 
did not work, either. 

An acquaintance suggested (in 1965) 
the possibility that an improved electric 
motor could be developed from my folly. | 
didn’t pursue it; energy was cheap then. 
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| really wonder if the developers of the 
magnetic wankel started off with perpetu- 
al motion as their goal? Why else would 
they use a spiral gap between rotor and 

field? 
Steve Witter, Branford, Conn. 


Fireplace heat saver 


| recently installed one of those fireplace 
devices that takes cold air into the bottom. 
end of a series of pipes and delivers heat- 
ed air from the top of the pipes into the 
room. We find it a great help in heating 
our room, even without the blower attach- 
ment. But it needed customizing to fit our 
fireplace. 

The fireplace is very deep, so the pipes 
would not reach the face. Bringing the fire 
forward caused smoke to drift into the 
room. The problem was solved with 
downspout of the right size, cut to the 
needed lengths. | stretched each piece an 
one end and drove it over the ends of the 
pipes to extend their length. Black fire-re- 
sistant paint made it look like the other 
pipe. 
Dr. L. G. Higgins, Scotts Valley, Calif. 


More on the Nola controller 


With regard to “Nola’s Clever Motor Con- 
troller” (PS, July, '79] by E. F. Lindsley, 
I'm curious to know if there is any saving 
in equipment maintenance, replacement, 
or overall wear and tear due to reduced 
heat. Will the device reduce (or eliminate) 
the necessity for cooling fans? 

Second, other “dimmer” devices don't 
really save electric energy since power di- 
verted from the main load is dispersed as 
heat through a resistance, or is sent to 
ground, or both. What does this device do 
with the diverted power? 

Joe Noecker, Portland, Ore. 


E. F. Lindsley replies: "Mr. Noecker is 
right; Nola's power saver not only saves 
power but also extends motor life by re- 
ducing heat. Note, however, that most of 
the savings come at no load or moderate 
load. Hence, if there were times of sus- 
tained full load, the cooling fan would 
probably still be needed. It's an individual- 
application consideration. Unlike resis- 
tance-type devices, which simply divert 
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CALCU-LETTER 


By DARRELL HUFF News of pocket calculators—and how to have fun with them 


Cube roots three ways 


Aside from using pencil and paper, or 
slide rule, abacus, logarithms, or a fat 
book of tables, there are three ways to find 
cube roots—all by calculator. The easiest 
way is to own one of those rare calcula- 
tors that have a key for just this purpose. 
One is the EL-5806 scientific; another is 
the PC-1201 programmable, shown be- 
low. Both are made by Sharp Electronics 
Corp., Paramus, N.J. 07652. 


Any of the many scientific calculators 
bearing a roots-and-powers ( x’) key will 
serve as well. Used with 3, such a key 
produces the cube of the number dis- 
played; used with the reciprocal of 3, or 
Ya,it comes up with the cube root. 

But if you have only a four-function cal- 
culator, try a routine suggested by John 
Bush of Macedonia, Ohio. 

First make a reasonable guess at the an- 
swer. Divide the original number by this 
twice, then add on your guess twice. Di- 
vide by 3. 

Call this result your second guess. Use 
it the same way, and repeat the proce- 
dure. By the time you've done this four or 
five times, you'll find your result is no 
longer changing. You've found the cube 
root to as many places as your calculator 
has capacity to display. 

Try it for the cube root of 100, using 4 as 
your initial guess. It goes like this: Divid- 
ing 100 by 4 twice, adding 4 twice, and 
dividing by 3 gives 4.75. 

Dividing 100 by 4.75 twice, adding 4.75 
twice, and dividing by 3 produces an an- 
Swer correct to two decimal places. Using 
this as your next guess gives a result cor- 
rect to four places. And the result follow- 
ing that is so precise that further repeti- 
tion produces no change, even with a 10- 
digit calculator: 4.641,588,833. 


It's your money 


Interest rates are very much in the news 
lately, mostly because they have been 
soaring—like nearly everything else 
except the prices of pocket calculators. So 
maybe it isn't coincidental that one day's 
mail brings a neatly matching pair of let- 
ters. Louis H. Eisen, Oceanside, Calif., 
suggests a simple method of figuring 
compound interest by calculator. And Bill 
Neef, Grass Lake, Mich., points to what he 
suspects is dirty work in this very area on 
the part of some banks. 

In those dismal days before calculators 
came along, only a real punishment glut- 
ton would have tackled compound inter- 
est. Today it's not bad at all. 

For the basic method, begin by dividing 
the stated rate by 100 to turn it into a deci- 
mal and then by the number of com- 
pounding periods in a year. Add 1. Then 
raise this result to a power equal to the 
number of periods the money stays in- 
vested. The result, multiplied by the num- 
ber of dollars, will tell you how much the 
money will have grown to. 

As a bonus, this procedure can give you 
a second piece of information. If you drop 
the 1 atthe left and move the decimal two 
places to the right, you'll discover the an- 
nual yield as a percentage. This is the sec- 


6 | POPULAR SCIENCE 


ond, and larger, of the two figures you 
read in newspaper ads of savings institu- 
tions. You find it in a form such as "7.75 
percent annual rate produces 8.06 percent 
annual yield with daily compounding.” 

Try it on your own calculator. Note that 
when compounding is daily, the number 
you divide by is 365. If your calculation is 
for one year's interest, the power to use is 
also 365. 

If you use the formula to check up on 
those banks that reader Neef's not happy 
about, you'll come up with figures much 
closer to his than to theirs. 

Acouple of Detroit banks, says he, have 
been offering 9.524 percent annual inter- 
est and claiming that their continuous 
compounding turns that into 10.138 effec- 
tive annual yield. No, says Neef, it's only 
9.99, which doesn't sound nearly so good. 
That's what my calculator says, and | think 
yours will, too, if you use daily com- 
pounding or even hourly. 

But what about continuous compound- 
ing? In the November "Calcu-letter," | 
suggested a simple routine for computing 
continuous interest with a scientific calcu- 
lator: Just enter the percentage rate in 
decimal form and press the e* key (on 
some models, the Inv and Inx keys). This 
method tells you the annual yield at those 
Detroit banks is still 9.99 percent, al- 


though some trailing decimals are a trifle 
higher. 


Who was right? 


In the November column, we tangled with 
the timely question of how much inflation 
of 0.9 percent in one month comes to on 
an annual basis. The White House had 
called it 11.4 percent and had been re- 
buked for bad arithmetic by a business 
magazine, which insisted that 10.8 per- 
cent was the proper figure. Our question 
was: Who's right? 

Did you discover that, for once, the 
White House is not the goat? Simply mul- 
tiplying by 12, as the business magazine 
had done, fails to take into account the 
effect of compounding. 

Figure it this way. After one month the 
index will have gone from 1 to 1.009. The 
rise for the second month must be calcu- 
lated on that new base. And so on. The 
problem comes down to 1.009 times itself 
12 times. The twelfth power of 1.009 is 
1.114, an increase over 1 of 11.4 percent— 
just what the White House said. 


Cussed ladders 


This is such a cussed puzzle that out of 
sheer compassion—as much for myself as 
for readers—l've been avoiding it for. 
months. But several dozen demands that | 
publish it, coming from as far away as 
Hong Kong and Sarajevo, Yugoslavia, 
have been topped by a plea from Jim Rus- 
sell ‘of Wilton, Conn. Jim is 13, he says, 
and his granddad has inflicted it on him. 

One reader recalls seeing some version 
of it in PS nearly 40 years ago, and has 
been haunted ever since. None of us 
wants such a fate to overtake Jim, so it 
appears that a mass attack on this classic. 
is now in order. 

It is a kind of brain-buster that, in all 
charity, warrants a warm-up. So, in that 
spirit, here is an easier variation of the 
puzzle, one that calls for only a small 
amount of simple algebra for solution. 

In this version, all you're told is that the 
tops of two ladders crossing in an alley 
are eight and 12 feet above the ground. At 
what height do the ladders cross? 

As | said, the math is simple. As for the 
puzzle as a whole... well, that depends 
on how you approach it. Solution to this 


T d 


x 


1 
1 
1 
T 
1 
1 
i 
1 


version, in the March issue, will be accom- 
panied by a presentation of the tougher 
version for you to chew on. 


PS calculator columnist Darrell Huff (P.O. 
Box AS, Carmel, Calif. 93921) is the author 
of How to Lie with Statistics, How to Take 
a Chance, and other works. He welcomes 
comments, solutions, and suggestions. 


MORE CAPABILITIES THAN 
ANY OTHER PERSONAL COMPUTER 
UNDER $1,000° 


Compare the built-in features of the 
ATARI* 800" with other leading personal 
computers. Whether you program it 
yourself or use pre-programmed car- 
tridges or cassettes, the ATARI 800 gives 
you more for your money. 

Run your own programs? Easy. Just 
plug in the 8K BASIC or optional 
Assembler language cartridge, and 
go. They're ROM based. That means 
more RAM for your programs. 

Also included with the ATARI 800 is 
an internal speaker and four separate 
sound channels, FCC approval, a 
built-in RF modulator, the ATARI 410" 
Program Recorder and a high speed 
serial I/O. 

Peripherals? Add up to 48K of 
user installable RAM. Or up to four 
individually accessible floppies. 


A high-speed printer. And more to come. 

Graphics programs? No problem. The 
ATARI 800 offers 128 color variations: 
16 colors in 8 luminance levels. Plus 
29 keystroke graphics symbols and 8 
graphics modes. All controlled from a 
57 character ASCII keyboard. With upper 
and lower case, 

Or, program it our way There are excit- 
ing programs available and many more 
on the way for the ATARI 800. Business 
programs. Home Management pro- 
grams. Entertainment. And with the 410 
audio/digital recorder, you can add 
Atari's unique Talk & Teach” Educational 
System cassettes. 


^ MUI LIU T 


Your way or our way, you'll find that 
the ATARI 800 is probably the most 
powerful computer that $999.99* 
can buy. 

And with that power, you get depend- 
ability Dependability built into Atari's 
custom designed and fully-tested LSI cir- 
cuitry and lower component count, (less 
components, less chance for failure) 

But if anything ever does go wrong, 
you'll find a complete network of 
computer-connected Atari service facil- 
ities waiting for you throughout the 
country. 

Make your own comparison. Hands 
on.Anywhere computers are sold. Or, 
send for a free chart that compares 

the features of the ATARI 800 to 
other leading fully-programmable 


— | computers. 


“Suggested retail price $999.99, includes 
computer console, program recorder 


a0 $ and BASIC language cartridge. 


SYSTEMS 


California 94086. Call toll-free 800-538-8547 
) for the name of your nearest Atari retailer. 
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ALTERNATE-ENERGY ANSWERS 


Jan F. Kreider is a consulting engineer specializing in the design and economic 


By JAN F. KREIDER 


analysis of solar-energy and energy-conservation systems. He is the author of 
‘several books on solar technology, and a lecturer at the Univ. of Colorado. 


Underground reading list 


I'm thinking of building an underground 
house with only the south side “open.” 
The house will be solar heated. | would 
appreciate a few good references to read 
to acquaint me with the pros and cons 
of an underground house, and the solar 
aspect of heating it. 

Horace Hensley, Camp Springs, Md. 


You might start your reading by checking 
the April '77 issue of PoPULAR SCIENCE. The 
cover story, “Underground Houses—£n- 
ergy-Saving, Private, and Secure," gives a 
good overview on underground living. 
Underground Designs, an 88-page paper- 
back by the well-known underground ar- 
chitect Malcolm Wells, includes a collec- 
tion of plans and drawings, plus informa- 
tion on codes, financing, waterproofing, 
end insulation. It's $6 from the architect, 
at Box 183, Cherry Hill, N.J. 08002. Earth 
Sheltered Housing Design, by the Univer- 
sity of Minnesota's Underground Space 
Center, is probably the most comprehen- 
sive book on the subject. The 310-page 
paperback costs $10 from the Under- 
ground Space Center, 11 Mines & Metal- 
lurgy Bldg., 221 Church St, Univ. of 
Minn., Minneapolis, Minn. 55455. 


How much solar energy? 


I have a question concerning solar-energy 
potential. Assuming all available area in 
the U.S. were used for solar panels (i.e., 
no area left to grow crops or woods) with 
a reasonable conversion efficiency, what 
would be the output in barrels of oil per 
year? By comparison, what is the total en- 
ergy consumption of the U.S., including 
all users and all types of energy? 

J.S. Sohre, P.E. 


One difficulty in answering this question 
is the shortage of solar data for the U.S. If 
we assume that 450 langleys per day 
fabout 1600 Btulft.) strike the U.S. on the 
average over a year, then 584,000 Btu 
strike each square foot per year. Since the 
area of the U.S. is 3,615,123 square miles, 
about 60,000 Q (a Q equals one quadril- 
lion Btu) fall on the U.S. per year. In 1985 
the U.S. may use between 90 and 100 Q. If 
solar conversion efficiency is 25 percent, 
% of one percent of the surface of the U.S. 
could provide all the U.S. needs for 1985. 
Of course, solar heat is not oil. Oil has 
uses other than heating—plastics, phar- 
maceuticals, etc.—and is a convenient 
form of energy for many purposes. 

This answer to your question, though 
highly simplified, shows that solar avail- 
ability is not the problem. Costs, reliabili- 
ty, consumer confidence, and lack of clear 
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government support are more serious dif- 
ficulties. 


Outside vent for fireplace 


| plan to install an outside air vent in my 
fireplace. The front of the fireplace is used 
brick; the firebox is firebrick; the outside 
(chimney) is brick and stucco. In my opin- 
ion, the ideal location for the vent is in the 
rear of the fireplace, for several rea- 
sons: least distance to drill from inside to 
outside; outside air closest to fire; least 
noticeable in the firebox. 

However, it would appear that since the 
location of the vent is in the rear of the 
firebox it would be difficult to insert a 
damper on the inside. | believe a damper 
would be needed to control air intake. | 
would appreciate your advice and rec- 
ommendations. 

W.J. Mentele, Wayne, Pa. 


Indeed, providing a damper to control 
outside air intake is very important. By 
varying the opening you can control the 
fire's rate of combustion, very much as is 
done in "airtight" wood stoves, assuming 
your fireplace is fitted with glass doors. (If 
it's not, l'd strongly recommend installing 
them.) There are air-intake dampers com- 
mercially available. For an example, and 
to see howto provide the air ducts, see the 
“Heat-Circulating Brick Fireplace" article 
in this issue. 


Solar maintenance tips 


With the heating season near its peak, 
what maintenance items should be at- 
tended to on my solar heating system? 


You don't state whether you have an air or 
liquid system. If you use a liquid-type col- 
lector and storage, check the specific 
gravity of the antifreeze to ensure that 
your freeze protection is adequate. Also 
check the pH of this fluid with a piece of 
litmus paper. The fluid must not be acidic 
or rapid corrosion will occur; a pH of 7.5 to 
8.5 is best. Add buffers from the manufac- 
turer to correct the problem. Operate your 
solar controller manually in all modes to 
check the operation of three-way valves, 
pumps, and heating circulators. If your 
pumps have inlet and outlet pressure 
gauges, check the pipe pressure rise 
against the as-installed numbers. Emp- 
ty all filters and traps. Finally, inspect 
what piping is visible for leaks. 

if you use an air system, perform the 
same items listed above except for fluid 
checks and leak inspection. Replace the 
filter, check the controller and dampers, 
and examine all ducts for leaks. Repair 
any collector-glass breakage. 


Passive solar home 


| plan to build a passive solar home featur- 
ing an atrium (greenhouse) centrally lo- 
cated with shutters to close off the win- 
dows located in the roof. The atrium 
would house an in-ground swimming 
pool to serve as heat storage. The atrium 
would be separated from the living area 
by cement-biock walls and sliding glass 
doors. 
lam told excessive humidity would be a 
serious problem. Do you agree? | want to 
avoid expensive exhaust-fan systems for 
humidity removal since | would also lose 
heat with the same. A friend suggested 
that a pool cover (plastic sheet) would 
probably contain humidity and therefore 
reduce heat loss by evaporation. Would 
you agree? 
Clark S. Magness, Lincoln Park, N.J. 


A centrally located atrium is not the best 
method of passive solar heating for your 
area for the simple reason that the only 
access for sunlight is through the top sur- 
face or roof. In winter, the sun is very low 
in the sky so the effective horizontal “solar 
window” does not intercept much sun- 
light. Second, at low sun angles the reflec- 
tion losses will be high, unless the atrium 
has a special roof with a steep, south-fac- 
ing glazing. A final problem is summer 
overheating, since the summer sun is ata 
high solar altitude and “sees” much more 
of the atrium than does the winter sun. 
Shutters will help, but some overheating 
will still occur since inside shutters absorb 
some sunlight. External shutters can 
block heat completely. 

The plastic cover would serve very well 
to control evaporation from your pool. 


Wood-stove heating 


How efficient and expensive are wood 
stoves? If | begin heating my home with 
wood, will | run into problems? 


Free-standing wood stoves with good air 
control will deliver—at the most—when 
new, 75 percent of the heat energy stored 
in the wood. If the stove is well main- 
tained, the efficiency should not drop ap- 
preciably over the years. Wood stoves will 
probably cost a minimum of $150 unin- 
stalled to $800 installed. The median 
range for the heating value of wood is 
about 25 million Btu per cord. A well-insu- 
lated 2000-sq.-ft. home in a 6000-degree- 
day climate will require about 100 million 
Btu per heating season, or four cords per 
winter. 

Practical matters involved with wood 
stoves are ash disposal, adequate heat 
distribution to all rooms in a home, and, in 
urban areas, particulate air pollution from 
wood smoke. 


Got a question on an alternate energy 
such as solar, wind, water, or wood? Or 
on energy-conservation techniques that 
could reduce your home's heating and 
cooling costs? Every other month, alter- 
nating with "Adventures in Alternate En- 
ergy,” Jan Kreider answers questions se- 
lected from those sent in by readers. Write 
to "Energy Questions," POPULAR SCIENCE, 
380 Madison Ave., New York, N.Y. 10017. 
Queries can't be answered by mail. 
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NEW IDEAS FROM THE INVENTORS 


ILLUSTRATIONS BY DANA RASMUSSEN 


Balloon carries power lines to open-pit mines 


Electric-powered shovels and other tools 
might often be the equipment of choice 
for working open-pit mines and some 
construction jobs if power could be 
brought in safely and without obstructing 
the equipment itself. This tethered, 


lighter-than-air balloon would keep ca- 
bles in the clear. Connectors spaced along 
the pulleyed tether would provide conve- 
nient power taps while allowing the cable 
and the plugged-in rigs to move freely to 
and within the work surface. 


Ski carrier stows gear 


Arigid center enclosure in this car-top car- 
rier would stow luggage, boots, and other 
gear in the space between vertically ar- 
ranged ski-holding slots. This would pro- 
vide better protection for skis and bind- 
ings and use normally wasted space on 
the vehicle’s roof. The luggage space 
would be reached through hinged doors 
on both sides that could be locked to se- 
cure the skis, as well as the other gear. 


Flexed scraper for snow cleaning 


Made of reinforced plastic, this dustpan- 
shaped scraper would flex along its lead- 
ing edge to follow the contour of any flat 
or curved car surface. It would move stiff- 
ly forward, when you pushed it, to speed 
removal of deep or piled-up snow. A barri- 
er at the rear would protect your hands; a 
scraper shoe underneath would chip and 
loosen harder snow or ice. 


Bulbs collect solar heat 


Spherical, double-walled bulbs might ab- 
sorb heat efficiently over most daylight 
hours. This clear outer bulb would pass 
the sun's rays to sprayed-in fluid inside 
the dark-colored, heat-absorbing inner 
bulb. A vacuum between the globes 
would minimize heat loss. The heated flu- 
id would flow through a pipeline along 
which the bulbs could be connected. 


Rollers tighten wrench grip 


Toothed rollers set into this wrench jaw 
would turn themselves for a secure grip 
on a pipe or similarly shaped workpiece. 
Rotating in an off-center arc, the grippers 
would take a firm hold when you moved 
the handle in one direction, slack off for a 
ratchetlike action in the other. The remov- 
able insert (or a set of them) would give 
you a faster bite, easier action. 


The following patents have been issued on these inventions: Balloon cable 
carrier—No. 4,071,124 to Donald L. Price, Bend, Ore.; Snow and ice 
scraper—No. 4,067,107 to Philip Scafetta, Green Lane, Pa.; Solar collect- 
ing bulbs—No. 4,137,903 to Charles E. Annett Il, Nokomis, Fla.; Ski and 
luggage rack—No. 4,071,176 to John Tuzee, Waukegan, Ill.; Wrench- 
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jaw rollers—No. 4,070,933 to Robert M. Macintosh, Melrose, Mass. 

Copies of patents may be ordered, by number, from the Commissioner 
of Patents and Trademarks, Washington, D.C. 20231, at 50 cents each. To 
write to an inventor, if address above is insufficient, address him by name 
and patent number in care of the commissioner. 


NEW PRODUCT 


Sports 
Radar 


Here’s how an exciting new micro-electronic 
breakthrough will make your children heros 
and improve your tennis game. 


When Roger started pitching for his little 
league team, he was just another player. And 
his arm was no better than anybody elses. 

Two months later a small miracle took place. 
Roger was the best pitcher on the team and 
had a fast ball that was the most powerful in his 
league—and all thanks to his father. 

Roger's success came from a radar gun— 
the same type device used by police to catch 
speeding motorists. 

SCRAMBLED EGGS 

The minute Roger's father was able to clock 
his son's pitching speed, Roger was subcon- 
sciously given a daily challenge of pitching 
harder and faster to beat his previous speed. 
The more he practiced, the better he got. 

Roger's father paid $2,000 for the radar gun. 
But in his upper class neighborhood, it wasn't 
too unusual for a father to spend that kind of 
money to helphis son. 

SPEEDING CITATION 

A large manufacturer of radar-type security 
devices saw what Roger's father had done and 
feltthat there was a definite need to produce a 
low cost radar unit designed exclusively for the 
sports market. 

The company, Solfan Systems, developed 
the Sports Radar gun—a major breakthrough 
in projectile speed detection as well as elec- 
tronic radar circuitry. 

Using the doppler effect of radar and 
phased-lock-loop circuits, Solfan has devel- 
oped the Sports Radar gun that compares to 
even the most sophisticated of police radar 
units that cost $2,000. 


OVERLAND EXPRESS 

The Sports Radar gun is held in your hand 
and pointed toward the pitcher. You turn it on, 
press the ready button, and point the gun. The 
gun will ignore the moving arm of the pitcher 
but will lock in on the moving ball. The radar 
unit would then follow the ball for approxi- 
mately ten milliseconds and the built in compu- 
ter measures and computes the speed and 
flashes the reading on the display. The gun 
registers the speed to the exact mileage within 
one-half miles per hour. 


Sports Radar. 


Just point the gun and read the results. 


The gun can be mounted on a tripod so that 
the person taking the measurements can also 
catch the ball. 

In tennis, the speed of the serve can be 
measured by aiming the gun at the person 
serving. You can also use the unit by yourself 
by setting the unit on a tripod and measuring 
the speed from behind. 

WORKING AND PLAYING 

Aside from its extreme accuracy and 
advanced electronics, the unit is priced to 
meet. the budget of every sports-minded 
athlete or parent. It's only $149.95 complete. 

You can measure the speed of baseballs, 
soccer balls, tennis balls, golf balls, hockey 
pucks, downhill skiers, radio controlled model 
airplanes or anything that moves—even auto- 
mobiles. 


The speed is flashed on the large LED display 
and is shown in miles per hour. 

The unit accepts two commercially available 
6-volt lantern batteries which you can pur- 
chase locally or from JS&A for only $2 each. 
The batteries will last for weeks with normal 
use. 


SUCCESS AND GOOD THINGS 
The unit comes in a sports blue color and 
weighs 38.4 ounces, exclusive of batteries. It's 
rugged, well built and designed to endure the 
typical use and abuse it would normally 
receive. 


We urge you to test this exciting new 
product during our 30-day free trial. Order the 
Sports Radar gun. When you receive it, 
measure your child's pitching speed. Test it on 
your own tennis serve. See how knowing your 
speed will actually improve it as you try to out 
perform your previous record fast pitch or 
serve. Then decide if the Sports Radar gun 
doesn't make a very exciting addition to your 
sports equipment. 

ONE FOR THE MONEY 

If you are not convinced that the Sports 
Radar gun is something that you'll use con- 
stantly to help improve your game, return it for 
a prompt and courteous refund, including your 
$3.50 postage and handling. You can't lose— 
and chances are your son will at least have the 
most popular new product in the neigh- 
borhood. 

To order one for your test, simply send your 
check for $149.95 plus $3.50 for postage and 
handling to JS&A Group, Inc., at the address 
shown below. (Illinois residents please add 
5% sales tax.) Credit card buyers may call our 
toll-free number below. If you wish to buy a set 
of two six-volt batteries, simply add $4.00 to 
your order. 

We'll then send your unit, the batteries (if 
you order them from us), a 90-day limited 
warranty and complete easy-to-understand 
instructions. 

Radar electronics for the sports enthusiast 
is now a reality. Watch your game improve by 
ordering your Sports Radar gun at no obliga- 
tion, today. 
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SCIENCE NEWSFRONT 


By ARTHUR FISHER 


CARGO COMPARTMENT 
CARGO CAPACITY 106,330 Ibs. (48,230 kg) 
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FUEL TANKS 


FUEL CAPACITY 50,070 Ibs. (22,711 kg) 


Hydrogen-powered air freighter 


As airlines feel the ever more painful 
pinch of tight and expensive petroleum 
fuel supplies, the goal of powering aircraft 
with liquid-hydrogen fuel becomes ever 
more attractive. Now Lockheed Aircraft 
Co. has put forward a plan for a four-coun- 
try fleet of modified L-1011 freighters to 
begin hauling cargo in 1987. The new 
craft, shown here in artist's concepts, 
would be 35 feet longer than present L- 
1011's. A large liquid-hydrogen (LH) fuel 
tank would be installed forward of the car- 
go hold, and a second, smaller LH tank aft, 
with a combined fuel capacity of 50,000 
pounds. The plane could carry 106,000 
pounds of cargo over a range of 3500 nau- 
tical miles. 

Where would these large quantities of 
liquid hydrogen come from? Under the 
Lockheed plan, four nations—the United 
States, Great Britain, West Germany, and 
Saudi Arabia—would each build its own 
LH plant near a major airport. The fuel 
would be stored in underground reser- 
voirs at the airfields (the painting above 
shows a worker connecting the craft's fuel 
tanks to the underground supply). 

Development, production, and delivery 
of four aircraft, according to Lockheed, 
would cost about $650 million. Throw in 
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the LH plants and the special airport facil- 
ities, and the total cost to be shared 
among the four participating govern- 
ments is about $1.38 billion. If the project 
began in 1980, the planes could be flying, 
Lockheed says, by 1987. 


Hide-and-seek with the gluon 


An international team of some 300 physi- 
cists, working at a high-energy accelera- 
tor in Germany, has found convincing ev- 
idence for the existence of a key funda- 
mental particle—the hitherto-elusive 
gluon. The discovery is the capstone in a 
long series of experiments that support 
the theory called quantum chromody- 
namics, or QCD. That is the best theory 
that we have at this time to account for the 
structure and behavior of the atomic nu- 
cleus. 

Modern physicists believe that all the 
matter and energy in the universe obey 
the mandates of four fundamental natural 
forces: the electromagnetic force, gravity, 
the weak nuclear force, and the strong nu- 
clear force. They govern a firefly's flash, a 
planet's path, radium's glow, the H- 
bomb's awful power. And, according to 
this picture of the world, each of these 
four natural forces is passed to and fro 
among the basic particles of matter by 


unique force-carrying particles. For exam- 
ple, the electromagnetic force is carried 
bythe photon, the weak force by the inter- 
mediate vector boson, and gravity by the 
graviton (though the last two have not yet 
been experimentally confirmed). 

The strong force binds the particles in- 
side the nucleus together. The theory of 
the strong force, QCD, pictures the nucle- 
us as consisting of protons and neutrons, 
which, in turn, are made up of basic parti- 
cles called quarks. Nobody has ever 
"seen" a quark, and some physicists be- 
lieve they can never be isolated. But there 
is general agreement that they do exist. 
To confirm the quark idea and QCD, phys- 
icists needed to stalk an equally mysteri- 
ous theoretical particle that would bind 
together the quarks by carrying the strong 
force. This particle would, in effect, act as 
the glue that holds the nucleus together; it 
was gleefully dubbed the gluon. 

Last year, at PETRA, a colliding-ring ac- 
celerator built by the West German gov- 
ernment at the DESY complex in Ham- 
burg, experimenters indirectly detected 
the gluon when it left its signature in the 
aftermath of very-high-energy collisions 
between electrons and positrons. The 
achievement is a tremendous mood lifter 
for all those physicists who have been 
working to shelter the four fundamental 
forces under one theoretical umbrella, the 
so-called grand unification theory. Said 
Dr. Leon Lederman, director of the U.S. 
Fermi National Accelerator Laboratory, 
"Physicists are ecstatic. We're beginning 
to understand how it's all put together." 


Giant magnet 


The photo below shows a cutaway model 
of what is to be one of a family of the 
world's largest magnets. It's an 18-ft.-tall, 
32-ton superconducting electromagnet 
destined for use in this country's fusion- 
energy program. Magnetic fusion-power 
reactors of the future will require enor- 


mous, highly concentrated magnetic 
fields. 

This magnet, to be built by Westing- 
house Electric Corp. for the Department of 


Continued 


The U.S. was founded by 
a group of individuals who 
rebelled against the oppres- 
sive policies of King George 
in England. Today, this 
same spirit of indepen- 
dence, a uniquely Ameri- 
can phenomenon, under- 
lies a growing displeasure 
with government tax and 
spending policies. This 
viewpoint is a healthy sign. 
Our society can remain the 
freest and most prosperous 
in the world if government 
power is held in check by 
us, the citizens who make 
up the country. Recent 
passage of laws (such as 
Proposition 13) are an in- 
dication of a growing wave 
of protest against wasted 
tax dollars. The effort is 
getting stronger and more 
vehement every day. 

The largest tax each one of us pays is 
Federal Income Tax. Yet, the largest cor- 
porations and the wealthiest individuals 
often pay the least amount of tax. Accor- 
ding to an article in a leading newsletter, 
17 huge corporations paid no federal in- 
come tax in a recent year, although they 
had a world-wide income of $2.5 billion. 
Numerous tax loopholes were used. The 
list includes United States Steel, Bethle- 
hem Steel, Armco Steel, General Dyna- 
mics, Singer, Phelps Dodge, American 
Airlines, Philadelphia Electric and The 
Chase Manhatten Corporation, The bur- 
den caused by these non-taxpayers must 
be assumed by “somebody.” ''Some- 
body” is always the wage earner. There 
is, therefore, a major inequity under the 
law which favors the wealthy and, most 
especially, corporations. In America to- 
day we have what could be called a 
“Corporate Society.” 

Some individuals have become so upset 
with these startling inequities, they have 
stopped paying taxes and have in many 
cases even ceased to file tax returns. This 
approach, however, is frought with dan- 
ger and has resulted in stiff fines or pri- 
son sentences when the government lo- 
cates and prosecutes the courageous in- 
dividuals. 


You Can Become Part of 
“The Corporate Society” 


Rather than break the law and suffer ser- 
ious consequences, there is a safer and 
more viable alternative. You can use the 
same type of smart thinking as those 
who own and control great wealth. The 
big corporations are not necessarily im- 
moral. However, they do get the best 
advice available on tax matters. 

You, as an individual, can now use all 
the tax loopholes for your own self in- 
terest. Thus, you legally gain the advan- 
tages yourself as do the huge corpora- 
tions. Rather than break the law, you 
can use it to your advantage. Perhaps the 
best way to accomplish this, as well as 
reduce your tax burden is through incor- 
poration, the legal form of tax rebellion. 

Surprisingly enough, the government 
encourages incorporation with a number 
© Enterprise Publishing Co., Inc., 1978 


Wage Your Own Personal 


‘Tax Revolt 


Like the early pioneers who started this country, many 
people are rebelling against the near confiscatory taxa- 
tion at all levels of government. The federal government 
consumes the taxpayer’s cash at the rate of over 
$800,000 per minute, and the amount that is wasted is 
scandalous. The citizens are mad as hell and they’re not 
going to take it any more. 


There is but one answer left! 


of favorable laws, especially in the area 
of taxation. In fact, it is rare to find a 
successful individual who is not incor- 
porated. Incorporation is favored by 
nearly all millionaires. It is one of the 
causes of wealth, not its effect. Think 
about it. Can you think of a single weal- 
thy individual who doesn’t own and 
control his own corporation? It is rare 
indeed. Let's face it, the first step toward 
achieving the American Dream in our 
corporate society is probably incorpor- 
ation. 

To add even more impetus to the idea 
of starting your own corporation, pas- 
sage of the Revenue Act of 1978 makes 
incorporation the ultimate tax shelter. 
This act and the earlier ones close the 
door to practically all other tax shelters 
and loopholes. The tax rate on corpora- 
tions (especially smaller ones) has been 
substantially reduced, to as low as 17%. 

Favorable laws such as the investment 
tax credit are most helpful when buying 
equipment. Even if you incur losses in 
one year you can deduct those losses 
over several profitable years. 


More Advantages. . . 

You can set up a corporate medical 
plan wherein you deduct from your 
taxes every dollar spent on medical and 
dental care, drugs, and health insurance 
for yourself and your family. You can 
also get tax deductible group life insur- 
ance even if the "group" consists of 
only one person. 

It is important to note that potential 
tax savings are not the only reason to 
incorporate. Another chief value is that 
it limits your liability to the assets of 
the corporation in the event of a lawsuit. 
If you do business as an individual or 
partnership, you can be sued personally, 


“Over and over again courts have said that 
there is nothing sinister in so arranging one’s 
affairs as to keep taxes as low as possible. 
Everybody does so, rich or poor; and all do 
right, for nobody owes any public duty to 
pay more than the law demands; taxes are en- 
forced exactions, not voluntary contributions. 
To demand more in the name of morals is 
mere cant," Judge Learned Hand 


which could put your house 
and other assets in jeopardy 
You can put more money 
(25% and more of income) 
into your corporation pen- 
sion plan. This is more than 
a traditional “Keogh” plan 
which has amaximum con- 
tribution of $7,500 a year, 
or even an I.R.A., where 
the maximum that can be 
sheltered under special cir- 
cumstances is only $1,750. 
In these times of growing 
inflation and periodic ups 
and downs of the econ- 
my, your own corporation 
is probably the only way 
that you may maintain 
control over your econom- 
ic destiny. And you can 
often benefit from incor- 
poration without leaving 
your present job. More 
about that in a moment. 


You Can Incorporate 
Simply, Easily and 
Inexpensively. 


Up until now, throughout the majority 
of history, incorporation had one major 
drawback: high legal fees. Lawyers to- 
day charge stiff fees, up to $2,500 for 
incorporation. The truth is that you can 
easily incorporate yourself for under 
$50. A remarkably easy and inexpensive 
method of incorporating is contained in 
a book called How To Form Your Own 
Corporation Without A Lawyer For Un- 
der $50. It comes complete with all the 
tear-out forms required to start your 
own corporation . . . minutes... bylaws 
+». everything you will ever need. The 
author, Ted Nicholas, has helped thou- 
sands of people start their own corpor- 
ations and has saved them millions of 
dollars in the process — and many mil- 
lions more in taxes. 

It is very easy, and we will show you 
how. We'd like to send you a copy of 
How To Form Your Own Corporation 
Without A Lawyer For Under $50 fora 
free thirty-day trial — without risk or 
obligation on your part. If, for any rea- 
son, you're dissatisfied, simply return it 
for a full refund of your purchase price. 
We'll also send you a free bonus: The 
Income Plan — an astounding report that 
tells you exactly how to turn your pre- 
sent career into a tax-sheltered corpor- 
ation. The Income Plan — a $9.95 value 
-- is yours to keep absolutely free, even 
if you decide to return the incorpor- 
ating system. 

To receive your copy of How To Form 
Your Own Corporation Without A Law- 
yer For Under $50, write your name 
and address on a piece of paper along 
with the words "Corporation Book & 
Bonus" and send it with your check or 
money order for $14.95 to Enterprise 
Publishing Co., 501 Beneficial Building, 
Dept. PO-O1C , Wilmington, Delaware 
19801. Send for the system now. Let us 
help you wage your own personal tax 
revolt. Important note: The full price of 
the book is tax deductible. Act Now! 
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| With 3-year rechargeable 
battery, full 12-hour 
i recision stopwatch, 24- 
jour alarm. ..all at an 
affordable price! 


Featuring: 

+ Famous Quartz Accuracy 

* Dual Time Zone 

+3 Year Rechargeable Battery 

+ Electronic Calendar 

* Full Chronograph With 1/10 
Second Precision 

+ Continuous LCD Display 

«+ Night Light For Evening 
Viewing 


Lowest priced Solar 
Powered Alarm 
Chronograph ever 


offered $4995 


Now, we have combined all the features of our best selling 
Dual Time Alarm Ghronograr with an outstanding new fea- 
ture— SOLAR POWER! A combination that Seiko or Citizen 
can't match, even at $200.00 more. 


Check the value you get for $49.95. 


+ Powerful Solar Recharger — Fully recharges itself even in 
artificial light. Power that is guaranteed for three full years 
with life expectancy of many more. You can forget trouble- 
some battery changes! 

* Dual Time — Set this world traveller for your home time 
and the time of any other city in the world. .. at the touch of 


a button. An easily read flag tells you which time you're 


8:5545 


viewing 
Shows hour, minute, and day 
of the week in both time 
zones, plus running seconds 
or date. 

+ 24 Hour Alarm— Loud alarm can be preset for any minute 
of the day or night, Constantly read indicator lets you know 
when the alarm is set 

+ Full Chronograph — With 1/10 second precision, add time 
and split time. Add time lets you time everything from a 
telephone call to a trip... up to 12 full hours. Split time 
stops the timing so you can note the interim for lap time 

‘Automatically resumes original 

timing after a few seconds. 

Shown: 12 hrs. 59minutes. 

59.8 seconds 


suvo uw emu A 


« Flashback Feature — Lets you go from chronograph time 
to regular time and back again... without losing elapsed 
time on chronograph 

* Quartz Accuracy — To = 5 seconds a month. 


+ Hours, Minutes, Seconds 
— Or, date can replace 
seconds if you choose 

+ Day-Of-Week Flag 

+ AM/PM Indicator 

+ Water Resistant Credibility — Our watch is splash-proot 
It resists splashes and spills. Don't be misled by claims of 
water resistance. No Alarm Chronograph on the market to- 
aay bey the recognized three atmospheres test (90 ft 


4533 
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+ Beautiful Styling — With bold new case design featurin 
extra large mode buttons for easier setting. Available wit 
handsome stainless steel bracelet with snap fastener 

juaranteed to fit comfortably. 

+ Quality Gold Plating — Optional Goldtone model now 
available with long lasting 5 micron gold plating 

Easy to order. Call our Toll Free Number below or fill in the 

convenient order form. 15 day return option if not comple- 

tely satisfied. Three-year warranty on rechargeable solar 
battery. One year factory warranty on watch. Comes to you 
| inan attractive gitt 


MEDIA MARKETING, INC. 

10155-9 Plano Rd. + Dallas, TX 75238 
C Yes please send me _____ Solar Dual Time Alarm 
Chronograph(s) at $49.95 each. plus $2.50 postage and 
handling. Texas residents add 5% tax 
[O Silvertone C Goldtone $59.95 
Name 
Address. 
City. 
State Zip. 
C Check or Money Order enclosed. 
Charge to: C Master Charge 

C] Visa 
Account s. 
Signature 


ORDER TOLL FREE 1-800-527-7066 
ps, Mn Texas Call 1-214-349-3120 cuv 
= 
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Expires. 


Science newsfront 


[Continued] 


Energy's Oak Ridge National Laboratory, 
is one of six magnets of this size ordered, 
but is alone in using niobium-tin super- 
conductor in the coil, rather than niobium- 
titanium superconducting alloy. The nio- 
bium-tin alloy is less tractable, but may 
produce higher field strengths. The Wes- 
tinghouse coil should generate a magnet- 
ic field more than five times stronger than 
that inside today’s largest electrical gen- 
erators—about 150,000 times stronger 
than the Earth’s magnetic field. The three 
miles of conductors in the coil, cooled by 
liquid helium to the near-absolute-zero 
temperature required for superconductiv- 
ity, will circulate 17,600 amperes of cur- 
rent without electrical resistance. If they 
were of copper, which is not a supercon- 
ductor, the resistance losses would eat up 
30,000 kilowatts of power. 


Insights into nearsightedness 


Dr. BenC. Lane, a researcher at New York 
University, reports some provocative 
findings on myopia—nearsightedness. 
For the first time, he claims, both chromi- 
um deficiency and too much protein in the 
diet have been linked to the development 
of myopia. His studies, which relied heavi- 
ly on computerized analysis, also con- 
firmed three other factors previously as- 
sociated with an increase in myopia: 
excessive eye-focusing stress caused by 
long hours of reading or other close work; 
excessive consumption of sugar and oth- 
er refined carbohydrates; and abnormal 
calcium metabolism or intake. 


Smaller bubbles 


Further progress in the pursuit of magnet- 
ic-bubble materials with ever-higher in- 
formation density is reported from scien- 
tists at IBM's Research Division [PS, Oct. 
'79). The photo below demonstrates the 
startling effect of laser annealing on the 
magnetic domains in a thin film of galli- 
um-substituted garnet. Where the laser 
has swept across the central strip, the do- 
main widths have shrunk from about 16 
microns to about seven microns. 


~ 


Nonstop chain drill bit 


One of the peskiest problems in drilling 
boreholes through hard rock is the natural 
propensity of drill bits to wear out. When 
this happens, the entire string of pipe to 
which the bit is attached must be pulled 
out of the hole, the bit replaced, and the 
pipe lowered again all the way to the bot- 
tom. Of course, the deeper the hole, the 
more often this operation must be repeat- 
ed: It could consume eight or 12 hours for 
a 10,000-foot-deep hole. 

Now Sandia Laboratories has success- 
fully field-tested a continuous chain drill 
bit, pictured here, that moves a new cut- 
ting surface into the business end when 
one wears out, without having to be with- 
drawn. 

Each cutting surface in the Sandia bit 
consists of five adjacent chain links 
wrapped around a hemispherical bit 
head. When the five links are worn, the 
chain is advanced remotely, so that the 
next five links are moved into place. Each 
link, measuring 2% by 1% inches, is set 
with 100 diamonds—about 10 carats’ 
worth. 

The field-tested model had only 30 
links—six cutting surfaces—and drilled 
250 feet in granite. A commercial version 
would have a chain about 7% feet long, 
with 75 links. In a 4%-inch “slimhole” 
model (primarily designed for exploratory 
drilling) it would probably cost about 
$30,000, some 10 times the cost of a con- 
ventional diamond bit. But the new bit, 
with 15 cutting surfaces, could still reduce 
drilling costs 30-50 percent, depending 
on well depth, even if each surface lasted 
no longer than a conventional bit — Eis] 


Portable refrigeration 
price breakthrough ! 


Save $25.00 off-season 


Solid State Refrigeration makes portable 
coolers as obsolete as grandma’s 


kitchen ice box. 


The kindest thing you can say about ice 
boxes is they're better than nothing. 

They fall down on the job in hot weather. 
They look more like swimming pools than 
refrigerators when the ice melts. And, 
every other day, you have to dig into your 
pocket to buy more ice. (If you can find it). 

Koolatron's 12 volt portable refrigerators 
work on thermoelectrics, not ice. And 
maintain normal refrigeration tempera- 
tures. 

So taking the Koolatron on your trip is 
like taking a small version of your home 
refrigerator. Everything — and everybody 
— stays cool 
USES AEROSPACE REFRIGERATION 
MODULES 

The Koolatron portable cools your food 
electronically with solid state thermoelec- 
tric refrigeration modules. These same 
powerful modules are used by military and 
aerospace scientists to cool critical com- 
ponents in rockets and satellites. They 
use thermoelectric cooling because of its 
absolute reliability, insensitivity to motion 
or level, small size & weight and minimal 
battery drain. 

WHY IS THE KOOLATRON PORTABLE SO 
MUCH BETTER THAN AN ICE CHEST? 

An ice chest maintains an air tempera- 
ture of 50-60 deg. F. Meat and milk spoil 
rapidly at temperatures above 50 deg. F. 
which is why the top of your meat will go 
bad even when it is sitting on ice. Koola- 
tron portables maintain normal home 
refrigeration temperatures of 40-45 deg. F. 
even in 95 deg. F. weather. 


E 


Two of these miniaturized thermoelectric 
modules replace all the bulky complex piping 
coils, compressors and motors in conventional 
portable refrigerators. The modules pump heat 
from your food into efficient heat sinks where it is 
dissipated by a quiet fan. They operate on a prin- 
cipal called the “Peltier Effect" — passing elec- 
tricity through the junction of dissimilar metals 
causes heat to flow away from the junction. 
BOATING, FISHING, CAMPING, HUNTING 
Fits into virtually any boat, van or 
camper. Carry it on the back seat during 
car trips. Ideal for fishing and hunting — 
bring your catch back home fresh (a few 
loads of fish fillets could pay for your port-| 
able). Use it for grocery shopping, medi- 
cines, carrying film, salesmen's samples. 
Take it to the drive-in movies, auto races 
and other sporting events. With an inex- 
pensive battery charger you can use your 


t 


Koolatron as a bar fridge all winter 

and a patio fridge in the summer. 

Run it in your motel room at night 

and enjoy a midnight snack when- 

ever you feel like it. We have 

customers using our portables on 
construction sites, in workboats, 
laboratories and even in locker rooms for a 
“cold one" after the game. 


THE ULTIMATE PORTABLE 
REFRIGERATOR 

It weighs less than most coolers with a 
block of ice but holds over 40 Ibs. of food 
or 48 pop cans in its large 36 qt. capacity. 
Plug it in a lighter socket in your car, boat 
or van or operate it from a 12 volt battery 
charger plugged into 110 volts. Cold con- 
tents will stay cold overnight with unit off. 
Draws a maximum of 4 amps., averages 
about 2 amps. at 70 deg. F. with the ther- 
mostat on. Keeps your food cold and dry. 
Exterior dimensions are 21"L x 16"W x 
16"H. Interior dimensions are 16"L x 
1131/2"W x 12"H. 


BUILT-IN QUALITY AND DURABILITY 

The rugged "ABS" case is filled with the 
best insulation available — rigid urethane 
foam. It has a “150 Ib. test" handle and non- 
rusting polypropylene hinge and latches, 
with stainless steel fasteners. Your portable 
comes with a 9 ft. detachable cord which 
plugs into your cigarette lighter. It also 
has terminals for attaching wires directly 
from a battery or fuse panel. The same ter- 
minals are used for your battery charger 
clips when operating from a charger. A 
reverse polarity warning light & buzzer'are 
included. Because of Koolatron's solid 
state construction your unit should never 
require any servicing unless physically 
damaged. If service is ever required, it is 
available through our service dépots in 
Batavia, NY, or Barrie, Ont., Canada. 


GUARANTEE, 21-DAY MONEY-BACK 
TRIAL PERIOD 
Your Koolatron comes with a written 


1 year guarantee plus 


complete instruc- 
FA 


tions and helpful in- 
formation about bat- 
teries and chargers. 
If for any reason you 
are not totally satis- 
fied, return it for a 
— prompt refund in full. 


PAYS FOR ITSELF 
If you are regularly 
using ice, your Kool- 
atron portable will 
pay for itself with 
the money you save 
on ice, spoiled food, 


erature but weighs 
only 15 ibs. Only 21" x 
16" x 16" 


restaurant bills and the gasoline used 

looking for ice. 

SPECIAL OFF-SEASON DISCOUNT! 

The Koolatron F1 has regularly been sell- 

ing at $159. ($179 in Canada.) By ordering 
ason you can save a full $25 off 


But you must order now. 
ADJUSTABLE THERMOSTAT OPTION 

For an additional $10.00 you can order 
the Koolatron portable with an adjustable 
thermostat in place of the standard fixed 
temperature thermostat — order Model 
F1A. 


OPTIONAL 110 VOLT ADAPTOR 

This custom-made adaptor allows you to 
operate anywhere on 110 volt power... 
home, cottage, hotel, patio, pool, ... $29.95 
($34.95 in Canada) plus $3 shipping. Special 
price if orderd with main unit only $25.00 
($30.00 in Canada). No shipping charges - 
save $7.95. 

Koolatron Industries Limited, 

56 Harvester Ave., Batavia, New York 14020 


Phone your order in collect to 


705-737-0842 


Or use this handy order coupon. 


| Koolatron wousruesuwreD | 
l 


l 56 Harvester Ave., Batavia, New York 14020 

Canada: 230 Bayview Drive, Barrie, 

Ontario LAN 4Y8 Dept. 995 [| 

Send me. — Koolatron F1 @ $134.00 

| ($154.00 in Canada) + $7.00 each for handi- | 

[| ing and delivery in USA or Canada (N.Y., Ont. I 
and Que. residents add sales tax.) 

— —.| want model F1A and have added s10.00.1 
Í — i aiso want the power adaptor and have added 
[| $25.00 ($30.00 in Canada) shipping included. If! I 

order separately it will be $29.95 ($34.95 in 
I Canada) pius $3 for shipping. 

1 understand that | may return either item un- | 
damaged within 21 days and get a full refund if | 


am not satisfied. | enclose my [C cheque 
L] money order for S. — or, please charge my (| 
O Visa C Mastercharge [© American Express. I 


Acct, No. 
l Expiry ate Send brochure only 
I Signature 
[| (necessary to ship. jaani a 
I Name 
Address || 
lcs I 
State Zip l 
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LOOK AND LISTEN 


By WILLIAM J. HAWKINS 


New audio/video gear 


Every so often there is not one but a vari- 
ety of new audio/video devices that are 
particularly ingenious or useful, or appear 
to be the start of a new trend. Here are 
some items that fall into that category. 

The Technics direct-drive turntable (1), 
for example, is just slightly larger and 
thicker than an LP record jacket. There's 
no conventional tone arm; it uses a linear 
tracking system that sweeps the cartridge 
horizontally across the record. This elimi- 
nates tracking-error distortion on the in- 
ner grooves, since the cartridge is always 
perpendicular to the groove. Also, no an- 
tiskating device is necessary. 
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Killer 


Once a record is placed on the table, the 
top shell locks over the bottom, holding 
the disc in place. An optoelectronic detec- 
tor (photocell device) automatically 
searches and cues the record for you. You 
can then turn the player upright and stow 
the system in a conventional record rack 
or shelf. The $600 player also runs on 12 
VDC, so you can use it in a mobile system. 

Moving from turntables to turning the 
tables on boring commercials, there's The 
Killer (2). It's a black box that connects to 
your video tape recorder and kills com- 
mercials whenever you're taping one of 
those old black-and-white late-night mov- 
ies. Theclever box, plugged into the video 
output and remote jack of the recorder, 


detects color (chroma) information from 
the video signal. When Bogart's on, there 
is no color info and The Killer allows the 
recorder to run. But let a color commercial 
muscle in on the movie, and The Killer 
spots the color signal within two millisec- 
onds and stops the tape. After the color 
disappears (or after a time delay to pre- 
vent the recorder from damaging the 
tape), the recorder again starts. 

Video Services (80 Rock Ridge Rd., Fair- 
field, Conn. 06430) makes it. Price: $95 for 
Beta or VHS model. 

Sure calculators are getting smaller and 
more pocketable than ever. But how 
about one that fits in your billfold? That— 
and a lot more—may now be possible 
with a new battery (3) by Panasonic. It's 
paper thin, and can be made in almost any 
shape. The secret: a stainless-steel plate 
that replaces the conventional thick car- 
bon rod or sheet. A "chewing gum” size 
rates at 1.5 volts with a discharge capacity 
of 27 mAh—plenty for cameras, calcs, and 
watches. 


Demagnetizing made easy 


Forgetting to demagnetize your tape-re- 
corder heads can only result in noise and 
poor frequency response if it's neglected 
too long. Doing it isn't difficult, just incon- 
venient when using the standard units. 
The WhistleStop (4) from Robins, howev- 
er, makes it easy and quick enough to do 
every 15 to 20 hours, as recommended by 
most deck makers. It's a cassette shell that 
contains an electronic demagnetization 
circuit with battery. When you insert it in 
your machine and press the play button, 
you hear an audible whistle through the 
amp. When that stops, the operation is 
complete and the heads are demagne- 
tized. Price: $26.50. 

| find it hard to justify the average $60 
bill for a prerecorded video cassette of a 
movie I'll probably tire of after the second 
play. But the cassettes (5) from AstroVid- 
eo (90 Golden Gate Ave., San Francisco, 
Calif. 94102) are an exception and an ex- 
ceptional buy at $39.95. There are 25 
tapes available covering NASA space de- 
velopments. They contain over 60 NASA 
films including the lunar landing. They are 
basically a science series, but they could 
be the first electronic heirlooms. (Mean- 
while, you can legally tape programs off 
the air for noncommercial use, ruled a 
Los Angeles judge. Three years ago MCA 
and Disney sought an injunction to stop 
Sony Betamax VCR sales. The two movie 
makers may appeal this ruling.) 


Phonograph that plays books 


Finally, if Microsonics has its way, | may 
have to clear my throat before writing fu- 
ture "Look and Listen" columns. That 
hand-held device (6) is a miniature record 
player that gets up to 90 seconds of audio 
off a special transparent record glued to 
the page of a book. When used with edu- 
cational books, for example, a student 
could hear the actual speech given by a 
politician, or learn how to speak in a for- 
eign language. The Microphonograph, 
from Microsonics (2049 Century Park E., 
Los Angeles, Calif. 90067), could be the 
start of an entirely new way to learn. GE] 


Attractive Air Alive unit measures only 41/2" x 4” x 134" 
and cleans a 20’ x 15' x 8' room in up to 15 minutes. 


Little-understood particles, called nega- 
live ions, are said to be nature's best air 
cleaners. They attach themselves to dust, 
smoke, pollen or anything else floating in 
the air, and cause it to fall harmlessly to the 
ground. Now there is growing proof that 
negative ions may affect your moods, 
health and sense of well being. 

THE ION CONTROVERSY 

For the past 20 years, scientists and 
scholars-world wide have been study- 
ing the effects of electronically charged 
particles in the air called negative ions. 

Russian scientists have recently proven 
that the presence of ions in the air is es- 
sential to animal life. Research conducted 
at the University of California has shown 
that plant growth is stunted when the ion 
content in the air is decreased. 

Some researchers claim there's evi- 
dence that negative ions can relieve aller- 
gic ailments and headaches, help control 
virus, retard the growth of bacteria, in- 
crease mental alertness and energy, re- 
duce pain, tension, fatigue and depression 
and produce sound sleep. 

Interestingly, while the number of those 
who believe that negative ions do, in fact, 
produce these benefits, has grown, the 
number of doubters has decreased over 
the years. 


THE ION IMBALANCE 

The air is made up of molecules that 
contain either a majority of electrons, mak- 
ing them negative particles, or a majority of 
protons, making them positive particles. 

Although nature produces a nearly 
equal number of positive and negative 
ions, there are a number of reasons why 
we are surrounded by an over abundance 
of protons: air pollution depletes the num- 
ber of negative ions in the air, the static 
charge from synthetic fibers produces 
positive ions and natural earth radiation, 
that would normally produce negative 
ions, is retarded by concrete and asphalt 
covering the land. 

In effect, we are breathing air that nature 
never intended us to breathe ... air that 
has been depleted of negative ions. 
What is needed is a way to correct this 
ion imbalance. 

NATURE'S AIR CLEANERS 

There is almost no disagreement 
among scientists that negative ions are 
unmatched in their ability to cleanse the air 
of impurities. This is how they do it: nega- 
tive ions attach themselves to dust, smoke 
and pollen, neutralize them and cause 


them to fall harmlessly from the air. 

Engineers and doctors have recently 
recognized this benefit and have begun to 
take advantage of it. Many now use com- 
mercial units that emit negative ions and 
effectively destroy odors and pollutants in 
the air. 

Ithas only been during the last year that 
technology has developed an affordable 
consumer model. These units were first 
introduced in Europe where there is a high 
level of interest in the benefits of 
negative ions. 

Now we are introducing one of the first 
consumer units to be sold in this country! 

ONE OF THE FIRST UNITS 
UNDER $100 

When we were offered the opportunity 
to introduce Air Alive to the American mar- 
ket, we jumped at the chance! Why? Be- 
cause it's one of the first consumer models 
in this country to be sold for under $100. 
And because it’s manufactured by West- 
ern Systems, Inc., a pioneer in the ion gen- 
eration field. 

MOST COMPACT UNIT 
ON THE MARKET TODAY 

Air Alive measures only 41⁄2" x 4" x 14" 
and puts out 3 trillion negative ions per 
second per cubic centimeter.That's as 
many or more than larger, more expensive 
units now on the market. It is so powerful 
that it cleans a 15' x 20' x 8’ room in up to 
15 minutes. Air Alive brings you more 
Cleansing power in its compact size. 
WARRANTED FOR TWO FULL YEARS 

Air Alive is an all solid state unit... ithas 
no moving parts. The unit is so trouble free 
that it is warranted by Western Systems, 
Inc. for two full years, in the unlikely event 
that anything should go wrong. 


FREE BOOK 
JUST FOR 
TRYING 
AIR ALIVE 


Just for trying the Air Alive 

unit, we are offering a 160 

page| book entitled “The 
lon 


Absolutely Free! 


Itis yours at no additional charge. It's yours to keep 
even if you should return the Air Alive unit during our 
30 day trial period. "The lon Effect" traces one 
man's 10 year effort to discover the truth about the 
effects of ions. Judge for yourself the benefits of 


AIR ALIVE 


Uses "Nature's Air Cleaners" 

to electronically destroy odor, 
smoke, dust, and pollen. Now 
research shows it may do more! 


OPTIONAL AUTO ADAPTER 

Now Western Systems, Inc. brings 
Something new to the American market 
that Europeans have used for years . . . an 
optional auto adapter that allows you to 
use your Air Alive home model in your car, 
truck, van or RV. Hardware included for 
mounting under your dashboard and 
adapter plugs into your cigarette lighter. 


30 DAY NO-RISK TRIAL - 


We believe Air Alive to be the most 
4 compact negative ion generator on the 
market today. It will destroy the dust, § 
j smoke, pollen and odors in the air inp 
4 your home, office or car. 
$ And we want you to decide for your- 
self whether or not you can benefit from 
the effects scientists are claiming that p 
negative ions can have on your health è 
and sense of well y z 


joes not meet your expectations, § 
for any reason, you can return it for 
refund of the purchase price. 


TO ORDER YOUR AIR ALIVE 
Simply fill out the coupon and send it, 
along with your check or money order, to 
the address below. For even faster ser- 
vice, call Toll Free: 1-800-527-7066. In 
Texas call (214) 349-3120. 


| MEDIA MARKETING, INC. 
10155-9 Plano Road Dallas, TX 75238 


Yes! Send me__ Air Alive units at $79.95 ea. and 

— —— Auto Adapters at $8.95 ea. Add $3.50 post- 
age, handling and insurance charge. Texas residents 
add 5% sales tax. 


| UNDERSTAND | HAVE A 30 DAY 


1-214-349-3120 


NO RISK RETURN OPTION. 
Name. 
Address. 
City 
State. Zip 
C Check or Money Order enclosed. 
Charge to: 
B laster Charge n 
VISA ires 
i Account Number. 
| Signature 
| Order Toll Free: 1-800-527-7066 
le 


Opel 
Kadett 


front-drive 
successor to 
Chevette? 


By DAVID SCOTT 


Mainz, W. GERMANY 
The probable front-drive successor to 
the present Chevette (due for replace- 
ment in 1982) should be a real Rabbit- 
chaser. That’s my conclusion after 
testing the new, transverse-engine 
Opel made by GM in Germany. It’s the 
likely replacement for the U.S. sub- 
compact. Kadett won't be sold in the 
U.S. as such, but it's a fair guess that 
it will ultimately be built and sold 
there as a Chevrolet by General Mo- 
tors, Opel's parent company. 

Opel describes the Kadett as a "big 
step into the future" and a second-gen- 
eration "world car." The first car giv- 
en that label was the Chevette, which 
was produced in various near-identi- 
cal guises in seven countries, includ- 
ing the U.S. and Germany. 

Opel’s latest baby is cast in a hatch- 
back mold like the Rabbit’s, but has 
more generous passenger and luggage 
space because of a longer wheelbase 
and body. The Kadett layout is essen- 
tially a scaled-down edition of the GM 
X-cars, where the transverse drive- 
line gives maximum interior room for 
a given body length. Unlike the VW 
and present Chevy, there are six mod- 
els, including two- and four-door 
hatchbacks, fastback sedans, and sta- 
tion wagons. The increased overall di- 
mensions of Kadett (see table) give 
substantially more back-seat leg and 
hip room than the Chevy, despite the 
shorter body (which yields easier 
parking and maneuvering). The wag- 
on provides a 64-inch cargo platform 
with the back seat folded, and a maxi- 
mum cargo volume of 50 cubic feet. 
Vehicle weights range from 55 to 221 
pounds lighter than the Chevette. 

There are two engines for Europe, 
but the one more likely for U.S. use is 
the 1.3-liter, 75-hp cam-in-head unit 
with hydraulic tappets. It’s very simi- 
lar to the 1.6-liter power plant in the 
current Chevette, which, in fact, was 
designed in Germany by Opel. 

I tested a 1.3-liter hatchback on a 
110-mile trip near Mainz. In city traf- 
fic, it was surprisingly zippy, with 
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Spirited and easy to maneuver, says Eu- 
ropean Editor Scott of the 1.3-liter Kadett. 


brisk getaway. Crisp shifting and a 
feather-light clutch encouraged the 
fullest sporty use of the gearbox. Ul- 
tra-light steering took the effort out of 
parking and K-type turnarounds on 
narrow roads. 


Tough tests 


Ona long stretch of the unrestricted 
Autobahn, I startled a couple of Mer- 
cedes and BMW's by passing them at 
85 mph, eventually winding up to an 
indicated 97 mph. Even at that speed, 
there was little wind noise or road 


RACK-AND-PINION 
STEERING 


CAM-IN-HEAD 
ENGINE 


ELECTRIC FAN 


Cutaway of Kadett 
reveals many de- 
sign similarities to 
GM X-bodies, es- 


pecially in rear sus- Wheelbase (in) ..... 


pension, where a Length (in.) 
torsion beam and Width lin.) 
Height (in.) 


Track, frontirear (in.) 
Luggage space (cu. ft.) 
Base engine (litershp) 
Optional 

Curb weight (Ibs.) 


sway bar are built 
one inside the oth- 
er. Conical rear 
springs reduce car- 
go-area intrusion. 


engine (litersihp) 


The nearly square headlights and clear 
protective covers are illegal here. 


rumble, although there was plenty of 
thrash from the high-revving engine. 
Dropping back to a sedate, U.S.-style 
55 mph, I heard no more than a muf- 
fled background hum. 

On a twisty country road through 
the Taunus mountains, I charged 
around a few hairpin bends to check 
adhesion. While the tires squealed in 
agony, they didn't lose their grip, and 
there was only slight body roll. The 
suspension also showed that same sta- 
bility during fast lane changes. 

Acceleration to 60 mph took a com- 
Continued 
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TRAILING 

ARMS WITH 

CONICAL 

SPRINGS 

GAS TANK UNDER 

REAR SEAT 

COLLAPSIBLE 

STEERING COLUMN 
MacPHERSON STRUTS 

POWER DISC BRAKES 


Kadett four- Chevette Rabbit 
door, hatch- four-door four-door 
back, sedan (European) 
99.0 97.3 94.5 
157.5 162.6 150.2 
64.5 61.8 634 
54.5 52.3 55.5 
55.1/55.3 51.2512 547535 
140 84 113 
1.253 1.670 1182 
1.375 1674 1570 
1885 2106 1859 
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Wlenthel Fresh 


^77 Salam 


Menthog: Shag 


N Light 
Refreshing light menthol. Salem 1005 
Low tar. 
Satisfying taste. 
The best selling low tar menthol. 
Salem Lights. 


Warning: The Surgeon General Has Determined 
That Cigarette Smoking Is Dangerous to Your Health. 
10 mg. "tar", 0.8 mg. nicotine av. per cigarette, FTC Report MAY 78. 


This boy of mine's going to get m; 
John Deere Chain cem ER ek iun 
If hebehaves himself. 


My daddy. He got his ax about the same time old Eddie 
Dunk’s burned down. Now that was an ax. It was my job to 
keep it all sharpened up. 

Now when I turned 18, why, my daddy gave me all his 
bottom land, a handshake and that ax. 

Iremember the handshake. I still farm the bottom land. But 
the ax fell out of the pick-up on Route 7. Went back. Never found 
it. So I got this John Deere Chain Saw. 

ruth is, I prefer it over that ax. Cuts easier. Doesn't get 
hung up. Even in dry oak. 

Ilet the boy here keep it sharp. He takes it serious. Just like 
Iusedto with that ax. Oh, he doesn't know it yet, but he's sure to 
getthat bottom land and the handshake. 

And if he'll just stop baiting his sister Emily all the time, 
he'll get the chain saw, too. - 


reset ag Eg praep 


E28 Nothing Runs Like a Deere: 


ERE 


Fora free folder, write John Deere, Dept. 52, Moline, IL 61265 


Opel Kadett 
[Continued] 


mendable 13.9 seconds, which 
matched Opel's claim. Fuel economy 
isclaimed to be 24 mpg for a European 
urban-driving cycle, and 35.6 mpg ata 
steady 55 mph, although I had no 
chance to check this. The transverse 
gearbox has an overdrive fourth-gear 
ratio that boosts both fuel economy 
and top speed. There's no automatic 
yet, but a special one designed and 
built by GM in the U.S. (a big clue that 
Kadett will succeed Chevette) will 
soon be available. 


Design features 


The MacPherson-strut front sus- 
pension uses "negative scrub radius" 
geometry so it won't pull to one side 
when a front tire is soft or flat. Rack- 
and-pinion steering is mounted high 
on the firewall for collision safety. 
Long, equal-length tie-rod arms con- 
nect it to steering arms high on the 
back of the struts. 

The independent rear suspension 
has crank-type trailing arms joined by 
a flexible U-beam crossmember en- 
closing an anti-roll bar. (A similar 
crossmember-and-sway-bar arrange- 
ment is used on the X cars.) The rear 
springs are conical “mini-block” coils, 
shaped like bed springs. They can 
compress into a flat spiral at full 
wheel deflection, so suspension height 
can be lowered for less intrusion into 
luggage space. An extra-wide track 
adds to stability and ride comfort. 

The body shape was developed in 
wind-tunnel tests, and is claimed to 
have a 15 percent lower coefficient of 
drag than the previous model. Passen- 
ger protection also got special atten- 
tion. For instance, the 11-gallon gas 
tank is placed under the rear seat— 
well ahead of the rear axle, and well- 
protected from crash damage. 

Routine maintenance on the Kadett 
should be simple. Spark plugs, dip- 
stick, and distributor are all on the 
front or top of the engine, and easily 
accessible. Unlike most other cross- 
drive cars, the clutch can be changed 
without removing the engine and 
takes only about 65 minutes, Opel 
says. 

Right now, Opel is mainly con- 
cerned with outclassing the Volks- 
wagen Golf (European Rabbit), and 
company officials are pretty cagey 
about saying whether Kadett will re- 
place Chevette—despite very strong 
rumors on both sides of the Atlantic. 
However, it seems mighty unlikely 
that GM could tolerate being up- 
staged by the Ford Erica, a smack-on 
rival due to replace the Pinto and Bob- 
cat in America a year earlier, as a 
1981 model. 


24 | POPULAR SCIENCE 


Imagine you've just 
flown into Japan's 
Tokyo Airport. You 
head for the Duty Free 
shop, hoping to pick up 
a Seiko alarm chrono- 
graph at substantial 
savings. Approaching 
the showcase, you 
realize the model shown 
is one you've never 
seen. It's the new Solar 
alarm chronograph, 
just released and not 
yet available in the 
States. And because 
the shop is duty free, 
the $295 gold model is 
marked down to 


provided by a prompt 
U.S. service-by-mail 
facility. About all you'll 
be giving up is the con- 
venience of walk-in 
warranty repairs at 
Seiko service centers 
during the first year. Of 
Course, repairs are 
rarely needed, ever. 
The solid state com- 
ponents never need 
service, and after twelve 
months, you can use 
any Seiko service facility. 
Please order now. 
This watch is so 
new most stores don't 
have it yet. And 


only $220. The quite frankly, 
“> THENEW SOLAR SEIKO = 
model is only very limited. By 
$190. ordering today, 
Smiling at without obliga- 


your good for- 
tune, you charge one to 
your credit card. It's a hand- 
some, useful addition to your 
life. And at that price, an 
excellent investment. 


Batteries never lasted 
this long. 

It's got the latest solar 
cell battery, which gives you 
up to ten years of battery life. 
Even the nightlight battery 
gets up to 5 years without a 
change. The alarm is a 
handy wake-up or appoint- 
ment reminder. The stop- 
watch times up to 12 hours 
to 1/10 second, and gives 
splits, 1-2 finishes, and 
time-outs. The day of the 
week is always displayed, 
and date and month appear 
on command. Unusually well 
finished in solid stainless steel 
case and band, it features 
a hard mineral glass face 
crystal. The distinctive front- 


mounted speaker grills are a 
Seiko exclusive, making it 
immediately recognizable. 


Stay home, and still save. 
Rather than flying to 
Japan, pick up your phone 
and dial toll-free to 
The Sharper Image. 
You'll be able to 
order the new Seve. 
Seiko Solar (list $295) at the 
same low price, only $220 
in gold, or $190 in stainless. 
You'll save about $75 either 
way. You can't get a better 
price, even at the shop in 
the Tokyo Airport. Not only 
will you save a tidy sum, 
you'll be among the first to 
own a timepiece that's guar- 
anteed to start conversations. 
One small snag. 
Even at this low price, 
you'll get a full year of lim- 
ited parts and labor warranty g 
coverage. This coverage is 


=m tion, you'll be 
sure of receiving the newest 
Seiko at an unusually low 
price. If it's not everything 
you expected, you are wel- 
come to send it back within 
2 weeks of receipt for a 
prompt and 
courteous refund. 


Get ten pn from a battery. But please order 
with a phone call. 


now to avoid 

disappointment. 

ORDER NOW TOLL-FREE. 

Pees ee 

Credit card holders 

may use our toll-free 
number. Or send check 

" for $220 for Gold plus 

i $13.20 sales tax in Cali- 
fornia (for Stainless, $190 
plus $11.40). Add $2.50 
for delivery. 


x (800) 227.3436 
"| In California (800) 622-0733 


E THE SHARPER IMAGE 


260 California St., Dep SKA-051 
n Francisco, 411 


Sa: 
H (415) 788-4747 
©1979 The Sharper Image 


PS car test & driving report 


PS ratings— 
test report in a nutshell 


The ratings are based on test results 
and measurements. Results should be 
read with the understanding that they 
reflect tests only on our sample cars. 
An excellent rating is 5 points; very 
good, 4; good, 3; fair, 2; poor, 1; very 


Cordoba 
Mirada 
Grand Prix 
Chevrolet 
Monte Carlo 


Pontiac 


Fuel economy 
Acceleration 
Braking 
Handling 
Maneuverability 
Ride comfort 
Quietness 
Roominess 
Visibility 
Entrylexit ease 


WWEANRANWAN 
WWANADROWN 
BNEWREANWAN 
PNAWRTWETN 


Personal- 
luxury cars 


— new bodies, 
sophisticated electronics, 
a unique transmission 


By JIM DUNNE and ED JACOBS 
PHOTOGRAPHS BY GREG SHARKO 


This year things are going to be even 
livelier than last year in the already 
popular personal-luxury-car field. 
This specialty class has gotten a 
heavy dose of engineering for 1980. 
There are a number of fresh, resized 
body styles, big weight reductions and 


fuel-economy improvements, signifi- 
cant new power-train developments 
and options, plus some clever elec- 
tronic innovations. All of this prom- 
ises to stir up intense competition 
among the personal-luxury cars, five 
of which we've checked out for this 

month's report. 
Ford's Thunderbird has a new body 
Continued 


Redesigned for 1980 (clockwise from front): Chevy Monte Carlo, Dodge Mirada, Ford T-Bird, Chrysler Cordoba, Pontiac Grand Prix. 


Advertisement 


What will you do with your 


700,000? 


Millions of people will 
"blow" the $700,000 
they'll earn. Will you? 


IF A MAN or woman averages just 
$15,000 a year, he or she will make 
about $700,000 during the usual 45 
years of employment. And, at average 
earnings of a little over $20,000 a year, 
the total earning figure is an incredi- 
ble one million dollars! 

Yet, U.S. Dept. of Commerce figures 
show that millions of people end up 
with an income of only a few hun- 
dred dollars a month after they've re- 
tired—and that includes their month- 
ly income from Social Security! 

A few hundred dollars a month! 
That's hardly enough money to enjoy 
all the good times we promise our- 
selves after we stop working. In fact, 
at today's prices, it's barely enough 
to survive on. 

Why do most folks end up with so lit- 
tle money to show for nearly a half- 
century of work? Usually, it's because 
they didn't bother to take care of them- 
selves first! They pay the butcher and 
the baker and the gas station own- 
er and the banker—and never seem to 
have money left over to provide for their 
own future happiness and security. 

Yet, many experts have noted that 
people who have a definite "plan of 
action" for retirement—an absorb- 
ing hobby or sport, travel, etc.—seem 
to enjoy better health and longevity 
compared to those who are forced to sit 
around bored, lonely and frustrated 
because they don't have the money to 
travel, to enjoy hobbies, to entertain 
friends, to be "on the go." 

Is it too late to start doing some- 
thing about this? Not at all! In fact by 
paying yourself first with what can 
amount to small change, you can as- 
sure yourself a good added monthly 
income that you can never outlive, no 


matter how old you become—or that 
can even help you retire early if you 
want to. 

Now you can send for an informative 
free "Money Book" by return mail, 
that tells how simple it can be to use 
the assured monthly income benefits 
of cash-value life insurance protection 
to help provide yourself the added 
money you'll need and want for your 
future pleasure and security—over 


and above what you collect from Social 
Security! 

For your free copy of the "Money 
Book", simply mail the postage-free 
card next to this page. It will be mailed 
to your home by Bankers Life and 
Casualty Co. of Chicago, which now 
protects millions of people coast to 
coast. There's no cost or obligation for 
this important service. 

NY, NJ, and CA residents, see card. 
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Ík vinyl sealers and road-tough 


- 


£ "Use EPA 


Ram Tough means carbon steel 
frames with 7 crossmembers. 


[More than Ford or Chevy.] 


Our frames are tough enough 
to flex on rough roads and come 
^ 


45 
The Ram Tough Dodge frame: 
7 carbon- steel crossmembers. 
More than Ford or Chevy. 


back for more. We use 7 carbon 
steel crossmembers for extra 
lateral, vertical and torsional 
strength. Compare that to 
Ford's 6 and Chevy's 5. 

Ram Tough means galvanized 
steel for critical area rust 
protection. 

[More than Ford or Chevy. | 


Every 8-ft. Sweptline Dodge 
Pickup has 160 sq. ft. of gal- 
vanized steel—plus lavish 
amounts of zinc-rich primers, 


Cpe : 


M 


e: Mud). o 


will probably-be less. California estimates lower. 


enamel. And unlike Ford or 
Chevy, we weld our Sweptline 
boxes to cross sill brackets. 
Result? No rust-prone bolt holes. 


Ram Tough means bigger 
maximum payloads. 


[More than Ford or Chevy. 


By design, Dodge Pickups 
have low curb weight and high 
Gross Vehicle Weight. That 
means more useful load- 
carrying capabilities than Ford 
or Chevy. 

What's more, Dodge 8-foot 
boxes have more load area than 
Ford or Chevy, to carry bulkier 
cargo. 

Dodge uses rugged double- 
wall construction in its cabs 
and its boxes. And Dodge gives 
you more cab-box choices. You 
can get 3 cabs—Conventional, 
Club or Crew—with either a 
6%- or 8-foot Sweptline box. 
That's 6 ways to move 
passengers 


ZA: 


mpg numberfor-comparisons. Your mileage may — — 
^vary depending on speed, distance and weather. Est. Hwy. 


Dodge payload payoff: up to 5575 lbs. 
max. payload. More than Ford or Chevy. 


and cargo. Ford and Chevy only 
give you 4 each. 

Even with these advantages, 
Dodge Pickups have competitive 
mileage ratings. The D 150, with 
318 CID V-8 and standard manual 
4-speed overdrive, gets 
© EPA est. 


- 


mpg; 22 est. Hwy. mpg* 

If you want automatic, only 
Dodge has a proven 3-speed 
with lock-up torque converter 
that’s remarkably fuel-efficient 
at highway speeds. 

The 1980 Dodge Pickups. 
Engineered by Chrysler to go. 
beyond what otherscall “tough” 

Engineered to be Ram Tough. 


RAM TOUGH 


Warning: The Surgeon General Has Determined 
That Cigarette Smoking Is Dangerous to Your Health. 


Rich Taste-Low Tar 
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(shared with Cougar XR-7) and the 
company’s optional, trend-setting 
four-speed automatic overdrive trans- 
mission, plus electronic and graphic- 
display innovations. The Chrysler 
Cordoba and Dodge Mirada (a new 
name for the Magnum) also have a 
new body and a performance-improv- 
ing, optional automatic transmis- 
sion—this one a wide-ratio three- 
speed. General Motors has added a 
turbocharged V6 to the Chevrolet 
Monte Carlo and refined the popular 
Pontiac Grand Prix. 


Thunderbird 


You can’t miss the smaller size. The 
new Thunderbird is 15 inches shorter, 
and almost 900 pounds lighter. Inside, 
however, passenger room is better 
than in the 1979 model. The biggest 
difference is 3.8 inches more rear-seat 
legroom. 

Despite those added inches, the 
1980 Thunderbird somehow feels 
slightly smaller inside. The front seat 
seems cramped, due to the extra-wide 
transmission tunnel, low head clear- 
ance, and the closer position of the 
windshield. The rear seat, however, is 
more spacious than in the 1979 ver- 
sion. 

Ford’s innovative four-speed auto- 
matic transmission lived up to all of 
its performance claims. In fact, with 


Thunderbird's 60-mph panic stops were perfectly straight, with no brake lockup, but it was second best in cold and hot stops. 


the 302 V8, it made the Thunderbird 
the quickest of the five cars tested. 
The overdrive gear dropped smoothly 
into place during our track testing, 
but on extended highway driving, 
that was not always the case; and 
while the smooth-road handling was 
reasonably good, our test car's rough- 
road manners were less than perfect. 
There's more detail about the han- 
dling problem in the 5000-mile test 
report (elsewhere in this issue), but a 
brief sketch is in order here, as well. 

Despite the special TRX handling 
package, the front suspension was so 
soft that the nose easily bottomed on 
bumps, as well as doing a lot of bob- 
bing and weaving. Compounding mat- 
ters, the stiff rear suspension would 
dance on washboard and occasionally 
try to lead. 

A digital speedometer in the option- 
al electronic-display instrument pan- 
el on our test T-Bird is probably the 
forerunner of future developments. 
The digits are large, bright, easy to 
read at a glance, and very easy to get 
used to. The novel graphic fuel gauge 
uses horizontal vacuum-fluorescent 
barsto indicate the fuel supply. It, too, 
is interesting and easy to read. 

The pushbutton combination lock 
on the door is simple, seems depend- 
able, and is a big convenience. It elim- 
inates the bother of pulling a key from 


your pocket or handbag when you're 
loaded down or in a hurry. 

The Thunderbird is no longer the 
sort of car old-time T-Bird buyers are 
accustomed to. Fuel economy, smooth- 
road handling, and ease of driving 
have been improved. Overall, howev- 
er, the car doesn't handle as it should, 
and isn't as quiet as its predecessors. 
We think a better job could have been 
done in both areas. 


Chrysler Cordoba 

Chrysler has changed the 1980 Cor- 
doba in many of the same ways Ford 
revised the Thunderbird. It's smaller, 
slightly more fuel efficient, and easier 
to maneuver. But, like the Thunder- 
bird, ride smoothness and interior 
noise are not as good as before. 

This car appears new inside and 
out, but the basic chassis is the same 
one used by the Chrysler LeBaron/ 
Dodge Diplomat last year. The drive 
train is also a duplicate. 

Our car had Chrysler's workhorse 
225-cu.-in. Slant Six, the firm's top- 
economy power plant. It was coupled 
to the new wide-ratio automatic 
transmission, which is intended to 
make the six perform like a V8 around 
town, while giving six-cylinder econo- 
my on the highway. It does this fairly 
well. The combination is rated two 

Continued 
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Underhood nightmare of plumbing, belts, and accessories con- 
fronts the do-it-yourselfer working on a turbo Monte Carlo. 


Mirada's electronically tuned radio 
proved easy to use, but speakers made 
dash vibrate, ruining sound quality. 


mpg better than the 318-cu.-in. V8 
with the conventional three-speed au- 
tomatic. For that increase, you get 
slightly less performance, with a little 
more noise. The six is a more-than- 
adequate engine for most driving 
needs, though. 

The shape of the dash adversely af- 
fects the legibility of the instruments. 
Speedometer and gauges are deeply 
recessed and, in some lighting 
conditions, are difficult to read at a 
glance. Two other complaints: The 
smooth-faced controls on the lower 
end of the dash reflect light and make 
labels difficult to read. Second, the 
side-hinged hood-release lever ap- 
pears ill-fitting and fragile, and 
proved cantankerous on both Chrys- 
ler products. 

On the plus side, both of the Chrys- 
ler cars have large expanses of glass 
in the greenhouse area, giving good 
visibility all around. In that respect, 
they are vastly superior to the T-Bird, 
which has only small opera windows 
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Pronounced reflections of steering col- 
umn and front seat are visible in Thunder- 
bird's glossy instrument panel and dash. 


in the massive rear pillar, severely re- 
stricting visibility to the rear quar- 
ters. 

Cordoba's fresh-looking exterior 
and spacious interior blend into a 
pleasant, airy design. Although the 
new car isn't quite as luxurious as its 
predecessors, it's still a nice package. 


Dodge Mirada 


Dodge's twin for Cordoba is the Mi- 
rada, successor to the Magnum. Mira- 
da shares most of the advantages and 
disadvantages of its Chrysler sister. 
Instead of a luxury car, Dodge sells 
Mirada as a sporty model. Its sloped, 
slotted nose and better aerodynamics 
should soon be seen in competition on 
stock-car superspeedways. 

The prime difference between the 
Mirada and Cordoba we tested was 
the318 V8 in the Mirada, which made 
it a bit faster from zero—60 mph, but 
there were few other differences that 
you'd notice. The two-mpg fuel-econo- 
my penalty of the V8 for both city and 


Unusual stagger of inside, outside door edges narrows rear- 
seat access on Cordoba (shown) and Mirada. 


highway driving could be the deciding 
factor in favor of the six. 

The two cars showed striking differ- 
ences during our brake testing. From 
60 mph, the Cordoba stopped in 150 
feet with hot brakes, whereas the Mi- 
rada traveled 230 feet. Aside from the 
nearly negligible engine-weight vari- 
ation, the only difference between the 
two cars was in the tires. Apparently 
it was substantial. 

While Mirada's rakish plastic nose 
section may catch your eye, what you 
can'tsee is that there is no metal bum- 
per behind it, as there is behind every- 
one else's. Instead, a big plastic-foam 
"bun" absorbs impacts, and seems to 
do so very well. When the Mirada 
gently "kissed" the Thunderbird at a 
peculiarly shaped intersection, the 
driver of the Mirada felt nothing, 
while the driver of the Thunderbird 
was clearly aware of the contact. Since 
the all-plastic front end will undoubt- 
edly become common in the near fu- 
ture, our unofficial little "test" would 
seem to indicate it's a good idea. 


Pontiac Grand Prix 
The tamest version of Pontiac's per- 


Gear breakthrough 
replaces ratchet catches. 


Use it as a winch. 
Use it as a hoist. 


Use it with your electric 
drill or socket wrench. 


With the Universal Mount, 
one winch does the job of 
many. 


Automatic two-speed 
transmission. 


Totally rustproof. 


Saves time and money. 


The Easy lugger Load Handler 


Up to the minute technology, 
Down to earth dependability for $29.50 


With an Easy Tugger™ handling any heavy 
load is no more trouble than rolling your car 
window up or down. The safety, convenience, 
and low price of the Easy Tugger™ is made 
possible by a revolutionary new breakthrough 
in gears and power transmission protected by 
a variety of U.S. and international patents 
including U. S. Patent No. 3,895,540. This 
new technology puts the old-fashioned winch 
and hoist in a class with the dinosaur— 
clumsy, unsafe, heavy, out-of-date. 


Safest 

Easy Tuggers™ are much safer than 
ordinary winches and hoists. A case protects 
fingers and knuckles. A replaceable shear ring 
prevents accidental lifting of oversize loads 
that might break the cable. There is at least a 
400% over-design on all parts. And our Load 
Handling Handbook, included free with each 
Easy Tugger™, will make you a pro at pulling 
and lifting. 
Strongest 

Tool Master's Easy Tugger™ has the highest 
strength-to-weight ratio of any winch. The 
Easy Tugger™ body is designed to take an 
8,000 pound load, and its cable has a safety 
factor of four times its advertised rating, and it 
has a totally rustproof case and drive unit. 


Saves You Money 

The Easy Tugger™ costs less and does 
more than the old-fashioried winch or hoist. 
Use an Easy Tugger™ to help on those jobs 
which would ordinarily require expensive extra 
labor, or a serviceman, jobs like repairing your 
own car or moving things around the house. 
Carry one next to your spare tire to pull your 
car out of a ditch or to use as an emergency 
tow cable. The Universal Mount, available 
separately, allows one Easy Tugger™ to 
be moved easily and quickly from one job 
to another. 
The Easiest to Use 

The hand cranked Easy Tugger™ can be 
driven by an electric drill or socket wrench and 
will adapt to virtually any load handling 
problem. The cable automatically locks in 


Position with no ratchet catches. The Easy 
Tugger™ has an automatic two-speed 
transmission which gives maximum efficiency 
in handling light or heavy loads. You never 
waste time winding in the cable and the 

Easy Tugger™ is instantly ready to lift 

a heavy load 


Use it Everywhere 

The Easy Tugger™ can be mounted 
vertically or horizontally, on just about 
anything; it can be attached with bolts, a 
chain, a hook, rope, stake, or trailer hitch. 
This load handler is a boat winch, a utility 
winch, a chain hoist, a ratchet hoist, a load 
binder, all in one. You can take the motor out 
of your car with the same Easy Tugger™ you 
use on your boat trailer. 
to 
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E Gy [ool Master 


To: Tool Master, Inc. 
P.O. Box 2190 
Boulder, Cis 80306 
Check 
«ot money order 
Acct # 


visa Seb: Date 


Signature _ as 


Ship to: 
d Name — 
Sedi — 0 - z 


Ciy State Zip 


If you use tools, you need the Easy 
Tugger™. The Easy Tuggers™ come in five 
models for every application —hand 
powered in V2 and 1 ton models, 1 ton 
"endless chain" powered, and 1¥2 ton 110V 
AC electric "Home and Shop Model," and 1⁄2 
ton 12V DC electric "Outdoor Recreation 
Model." Many optional features are available, 
including the Universal Mounting bracket; 70 
ft., Vs inch, 2000 Ib.-breaking-strength cable; 
drill adapters; "endless chain" kit and more. 
Even if you already own a winch, you should 
order a copy of our Load Handling 
Handbook, for $3.50 just to find new 
ways to use it. 


No Risk Guarantee 

Too good to be true? Try an Easy Tugger™ 
for thirty days without obligation. If you're not 
Satisfied, just return it and your money will 
be refunded. 


For Credit Card orders, call toll free 


800 835-2246 
Kansas residents call 800 362-2421. 


Tool Master, Inc. 
P.O. Box 2190 
Boulder, Colorado 80306 


Please send me: PS 
Y ton Hand Powered Easy 
Tuggers™ with 12' cable @ $29.50 
1 ton Hand Powered Eas; 
Tggers" with30 cable 2 $39.50 


{ton Deluxe “Endless Chain 
Fam Tuagere win 3 


Me ton 12V DC Electric Easy 

Tuggers™ 2 $99. 

1¥% ton 110V AC Eum Easy 

Tuggers'" @ $109.50 

Shipping and handling 

Add $2.50 for each Easy Tugger" 

— —— Universal Mounts @ $5.00 each 
— — LoadHandingHandbook @ $3.50 __ 


[| Because of demand please aliow 
45 to 90 days for delivery. 


Colorado residents add 3% sales tax 
Total Price 


PS car test & driving report 


EPA fuel mileage (mpg) 


z ss 3 
ETAT 
EEEE 
SŽ 88 38 35 3 
Highway. 29 25 23 27 25 
City 7 7 15 20 18 
Calif. city 7 16* 16* 15 15” 


2818 V8 &-bbl., only engine for California 
**305 V8, only engine for California 


sonal-luxury car comes with the 231- 
cu.-in. V6 engine supplied by Buick. 
The V6 may not be the best size for the 
Grand Prix,'but it provides marginal- 
ly good performance—15.7 seconds for 
zero-60 mph. It’s also quiet and 
smooth running, for the most part. 

The 1980 model isn’t the Grand Prix 
of pre-1978 years, but it’s a standout 
nonetheless, due to careful selection of 
trim materials and attention to de- 
tail. 

The instrument panel of the GP is 
the most imposing of all, though its 
needle-type gauges may appear 
slightly dated in comparison to the 
electronic readouts found on the 
Thunderbird. It’s far better, however, 
to have the older-looking needle-type 
gauges than the “idiot” lights found 
on most cars. 

Pontiac knows what the personal- 
luxury car is all about, and continues 
to impress us with its high-quality in- 
teriors. The LJ option on Grand Prix, 
for example, includes pillow-styled 
leather seats and a separate instru- 
ment panel with six gauges, plus a 
console with a large storage bin that 
completes the look of luxury inside. 

The rear seat is comfortable, with 
visibility that is among the best in the 
personal-luxury class. The attractive 
metal pull handles on the doors, how- 
ever, are a mistake. Those hard, un- 
yielding surfaces sticking out of the 
door panels look hazardous to us. 


Monte Carlo 


Chevrolet has added the turbo- 
charged Buick 231-cu.-in. V6 to the 
Monte Carlo this year. Although it’s a 
performance engine (the turbo boosts 
power to the level of a V8), it gives 
almost the same fuel economy as the 
base V6. Our zero-60-mph accelera- 
tion tests showed the turbo Monte 
Carlo a full three seconds faster than 
its Pontiac twin, the Grand Prix—a 
similar car equipped with a non-turbo 
V6. The engine, however, is shoe- 
horned under the Monte Carlo's hood, 
making  servicing—especially the 
right-side spark plugs—all but impos- 
sible without special tools. 

Except for the front end, which now 
has dual rectangular headlights, the 
exterior and interior of the 1980 mod- 
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el are reruns of the '79. Only the TUR- 
BO legend on the instrument panel 
and hood bulge separate this model 
from the standard Monte Carlo. 

The engine is improved over the 
Buick turbos we've tested recently. 
Only a trace of knock was heard, and 
then only at full throttle. Also, the 
whistling sound of the turbo is gone, 
so it's a real challenge to tell the dif- 
ference between this engine and a V8 
without first looking under the hood. 

Although their designs are begin- 


Grand Prix LJ's instrument panel contains 
several useful gauges. Unfortunately, 


Grand Prix negotiates slalom course. 
With smallest front antisway bar, and 
none in the rear, its handling and maneu- 
verability weren't quite up to others'. 


ning to look a bit dated, this is a year 
of refinement for Monte Carlo and 
Grand Prix, so most of the improve- 
ments are small. The cars are, howev- 
er, the quietest riding, and evidently 
the most carefully assembled, in this 
group. They're more like the personal- 
luxury models of the past than the 
newly designed cars from Ford and 
Chrysler, which seem to have lost 
some of their luxury, quietness, and 
sparkle—not forever, we trust. W5 

For specs and tests results, turn page 


SEEN 


they aren't aimed at the driver, making 
them less than convenient to read. 


wre oun, onl ieee out 
yo at three in the afternoon, 


More and more research shows ion-deficient air 


is a major cause of drowsiness 


That invigorating feeling you get from a walk in the mountains 
is the work of electrically charged air particles called negative ions. 
Negative ions are nature's air cleaners, removing polluted 


particles from the atm: 
In the city - andin 


here. 


energy sapping positive ions to breathe. 


ie resulting drowsiness causes reduced productivity in your 
d, in your car, where ion deficiency is even 
eater, it is not exaggerating to say that the atmosphere can be 


home or office. 


wnright dangerous. 
How ion 


affects you 
While we don't yet know all we want to about the effects of ions, 


we do know this much. 


Air conditioning, central heating and pollution strip beneficial 
negative ions from the atmosphere. This helps to explain ET 
so many office workers and housewives complain of the blahs in 
bad air is bad news. 


mid afternoon. Breathin: 
The same thing applies to your car. 
Only more so. Compare your car's ion 
balance (about 80 to 100 negative ions 
per cubic centimeter) to that of fresh 
mountain air (1,000 to 5,000 negative ions 
per cubic centimeter.) 
No wonder drivers become sluggish 
and irritable. This atmosphere is not 
only unhealthy. It's dangerous. i 
Especially when you consider 
that ion-defficient air slows 
reflexes by as much as 209. 
More negative ions mean 
Wherever ionizers have been tried, 
They have changed things for the better. 
eople have reported greater energy, 
better health and increased productivity. 
An ionizer replaces the negative ions 
killed by metals, man-made materials, 
air conditioning and central heating. It 
restores the natural balance of the air, 
making it fresh and easy to breathe. 
At the same time, an ionizer radically 
reduces airbome dust, pollution, bacteria 
and pollen. And almost completely elimi- 
nates stale odors like tobacco smoke. 


Naturally. 

You feel better and more alert So 
think what it can do for you if you have 
allergies. 

Why you should choose Bionaire 
over any other models 

Many ionizers on the market emit 
ozone or other harmful gases. With Bion- 
aire, all you getis a pure, invigorating 
stream of negative ions. 


its job. 


is unobtrusive, decorator-designed 
unit ionizes an area of approximately 
250 sq. ft. 


ices, homes and cars, the natural negative/ 
positive ion balance breaks down, leaving you with far too many 


BIONAIRE 300 
CAR UNIT 1" x 4"x 3-1/2" 


Oe 


It comes complete with unique output 
monitor indicators, omnidirectional 
emission, and a full one-year warranty. 
The Bionaire 300. Consider it 


asafety device for your car 

As mentioned, ion-deficient air slows 
reflexes by as much as 20%. 

This can mean all the difference 
between avoiding a dangerous situation, 
and running right into it. 

The compact Bionaire 300, 

("x 4"x 31/2") weighs only 4 ozs, sits on 
the dash without obstructing your view, 
and will keep you calm and alert through 
those endless rush-hour drives. 


If you'd like to read the latest scienti- 
fic facts about ions, and learn more about 
these exceptional Bionaire units, we'll be 


BIONAIRE 100A 
HOME/OFFICE UNIT 24/2" x 6" x 6” 


glad to send you some very interestin 
literature including an article from P.379, 
December Playboy. Just mail us the 
coupon below. . 
Or do you know e 

Credit card holders: If you're con- 
vinced of the benefits Bionaire can bring 
you, order your home or car unit by 
calling 416-363-8704 collect. 


B-V Distributors 

P.O. Box 810, Grand Island, 

New York 14072, Dept. 106 

Atno obligation, please send me 
free, the full scientific facts on: 

O Bionaire 300 (Car unit) 

O Bionaire 100A (Home/office unit) 


NAME 


ADDRESS 


STATE ZIPCODE 


PS car test & driving report 


[ FORD THUNDERBIRD | | 


DODGE MIRADA - 


Lu 


PS serviceability ratings 

How easy is it to service these cars? 
To give you an approximation of how 
difficult it is for a typical person to 
perform various service operations, 
we examine each test vehicle. The 


numbers mean: 1, very difficult; 2, 
difficult; 3, average degree of diffi- 
culty; 4, easy, 
5, very easy. 


Chrysler 

05099 Cordoba 

manwa Dodge 
Grand Prix 
Chevrolet 
Monte Carlo 


mamn Pontiac 


ETT 


Checking the engine: 
Spark plugs 
Distributor. 

Carb adjustment 

Oil fi 

Oil fill 


Replacing hoses: 
Upper radiator hose 
Lower radiator hose. 
Heater hos 


Changing bulbs: 
Headlights 
Taillights 

Front running lights 
Front parking lights 
Front directionals 
Rear directionals 
Rear running lights 


ooo 
DOPS 
ooo 


wan 
won 


Checking fuses 
Spare-tire accessibility 


Changing belts. 
“Mixture adjustment sealed 


vaa oocouoo 
M ow B» ENewunL 
€ c » oucoooo 
M ow à MNODUNO 
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Ford Thunderbird, Chrysler Cordoba, Dodge Mirada, 
Pontiac Grand Prix, and Chevrolet Monte Carlo— 
dimensions, specs, and test results 


Chevrolet. 
Monte Cario 


DIMENSIONS (inches) 
Wheelbase, 108.1 


Overall length 200.4 
Overall height | 539 
Overall with i n5 
Track, FR. 585/578 
Ground clearance 67 
Front head room 

Front hip room 

Front leg room 

Rear head mom 

Rear hip rom... 

Rear leg room (min). 

Rear knee room (min). 

Couple distance. 


SPECIFICATIONS 
Engine type. ‘Turbocharged V6 
Displacement (c. JU) 218 
Compression ratio prn 
Me 3 0 20 G 1 ime 4000 
Net hp P x 
Net toe @ n 265 @ 2400 
Transmission T. 5. s 3-speed 
automatic automatic 
241 2 


Goodyear Goodyear Goodyear 
Viva radial Scie radial Sal beet 
radial 
220/55R390  P195/75R15 P205/75R15 205/75R14 205/75R14 
Rack-and-pinion, Recirculating ball, Recirculating ball, Recirculating ball, Recirculating 
power power power ball, power 
Overall steering ratio. Ve m HH 187:1 Varable 164- Variable, 16.4- 
Tums, lock to lock. 34 35 35 33 
Tum diameter (ft) 407 407 407 382 
Front suspension Independent, Hy- Independent, non- Independent, non- Independent, SLA Independent, SLA 
brid MacPherson parallel control parallel control arms type with coil type with col 
strut, with coil arms with trans- with transverse tor- springs springs 
spring on lower verse torsion bars — sion bars 
control arm 
Rear suspension Four control arms, Hotchkiss drive, Hotchkiss drive, Four control arms, Four control 
coll springs semi-eliptical leat semi-elliptical leaf — coil springs ams, coil springs 


springs 
Front stabilaer-bar 
diameter (in) 10 086 
Rear stabihzer-bar 
diameter (in.) None None 
Trailer towing (max. ibs) 2000 4000 
Trailer tongue weight (max. Ibs.) 200 480 
Brakes 1 Disc/drum, power — Disc/drum, power Discidrum, power — Disc/drum, power 
Brake swept area (sq. in) 3753 378 3078 
Fuel tank (gal) s 180 181 181 
Trunk space (cu. ft) 167 161 161 
Utover height (in) 300 310 296 
Curb weight (lbs. 343 3383 3235 
FIR weight distribution (96) E 56/4 56/44 
Basie price y 36346 $7295 36162 
Price as tested $8 $9730 $10,174 $9242 
Major options on test car Keyless Leather interior Leather seats $426, Special upholstery 
tem $106, premi- $550, ight package A/C $600, cruise $366, power win- 
wm sound system $108, $104 CMX package control $112, rear dows $143, rear 
$150, 302 V8 pearance group $685, 318 VB $230, defroster $107, defroster $107, 
$150, speed $191, rear defroster rear defroster $106, power seat $175, A/C $601, cruise 
automatic trans- $106, wire wheel cruise control $116, power windows ` control $112, 
mission $138, — covers $170 poner left seat SAS, AWEH stereo gauges $109, 
aluminum wheels $179, win- $285, wire wheels stereo/CB 
with TR tires dows $148, AEM — $495 $525, turbo V6 
$528, ear de- stereo/search $227 $500, appearance 
{roster $101 package $120 
TEST RESULTS 
Acceleration (sec) 
0-60 mph nr] nn 
25-70 mph. 137 ng 
Brake test (cool) 60-0 mph 
Stopping distance (ft). 
Pedal pressure (ibs.) 
Disc temperature CF) 
Brake test (hot) 60-0 mph 
Stopping distance (f). 
Pedal pressure (Ibs) 
Disc temperature (F) 
Interior noise @ 60 mph (dBA). 
Handling test (mph). 
Manewerabity test (mph) 
TEST CONDITIONS: Ambient temperature 72°F; relative humidity 65 percent; barometric pressure 29.6 inches Hg 


Performance comparison with selected 1979 and earlier models 


Mpg (city Accelera- Brakes 60-0 Handling Maneuver- Noise @ 60 


bul ^R: ARE nd 
1979 Dodge Magnum V8. 14 15.1 193 58.2 25.7 69 
1979 Buick Riviera V6 Turbo 16 14.1 140 62.4 28.1 63 
1978 Ford Thunderbird V8 14 14.9 141 60.0 25.0 68 
1978 Buick Regal V6 7 11.2 138 624 296 68 
1978 Pontiac Grand Prix V8 7 122 142 67.1 28.1 68 
1975 Ford Thunderbird V8 10 128 174 51.3 224 63 
1975 Pontiac Grand Prix V8 ud 120 158 582 250 64 
1978 Dodge Diplomat V8 15 144 182 62.4 250 66 


@ The Thermo Melter can free you 
from frozen, icy parking spots...but 
that's not all it can do. It clears walks, 
driveways; frees stuck cars in 
seconds...and you don't even have 
to take your gloves off to use it. 


Why waste hundreds of H.P. in the 
heat energy from your car? The 
average auto generates heat up to 
200? F. (Water boils at 212°). 


WSAFE, EFFICIENT, EASY-TO-USE 
m NO TOOL NEEDED 

@ MELTS SNOW AND ICE IN 
SECONDS 

@ CLEARS ICE AND SNOW FROM 
PATHS AND DRIVEWAYS 

@ FREES FROZEN LOCKS AND 
WINDOWS 

W YOUR CAR GOES IN ICE OR 
SNOW OR MONEY REFUNDED 


That's right — when you're stuck on 
ice, just slip the universal fits-all 
adapter on your exhaust pipe and 
direct the other end at the base of the 
tires. In seconds you will see the ice 
begin to melt and very soon the tires 
arefree. You getthe space you needto 
build the traction you need to pull right 
out. Simple... you bet! Effective... 
absolutely! — We guarantee it. And 
best of all — Thermo Melter isreadyto 
use anytime you need it! 


PEACE OF MIND FOR WINTER DRIVING 
Put your mind at ease with Thermo Mel 
-ter in your trunk. Stop worrying about 
leaving your car in the commuter lot all 
day, or driving the kids to school, or 
going downtown shopping and wor- 
rying about getting out of an icy park- 
ing spot. Let Thermo Melter solve 
these and many more winter driving 
hazards for you. Thermo Melter will 
pay for itself the very first time you use 
it (and give you peace of mind, too). 
Save your heart. Forget Digging. Let 
Thermo Melter do the work for you, 
clearing snow on walks. and drive- 
ways. Order yours today and be pre- 
pared. Act now! 


THERMO MELTER 
283 Greenwich Ave., Box 464 
Greenwich, CT 06830 


©1978 MEDIA MARKETPLACE @THERMO MELTER™ US PATENT NO 3151613 


AMAZING NEW INVENTION ACTUALLY 


SS TURNS YOUR CAR INTO A 


Powerful Snow & Ice 
Melting Machine 


Thermo Melter directs engine heat to melt snow and ice away... 
lets you drive out of any spot quickly. . . easily. 


Orders shipped within 
48 hours of receipt. 


Do YOU REMEMBER LAST WINTER? . 

1 never saw so much snow and ice. My car was always 
parked on top of ice. . .but with my handy Thermo Melter, | 
always pulled right out. "Easytouse...turnsanycar intoa 
powerful snow and ice melting machine. ws D.H. in N. Rochelle NY. 


X AC 


PAYS FORITSELF 
THE FIRST TIME 
YOU USE IT. 


UNFREEZES DOOR LOCKS CLEARS PATHS & DRIVEWAYS CLEARS WINDSHIELDS & WINDOWS 


CREDIT CARD BUYERS — CALL TOLL FREE — 

24 HOUR SERVICE ... 1-800-453-2444 CALL NOW! 
r= -— — 1 SATISFACTION GUARANTEED — MAIL NO-RISK COUPON TODAY m amm ames umm. 
THERMO MELTER CO., Dept.144 
283 Greenwich Ave., Box 464, Greenwich, CT 06830 
Pleasesend me. (qty.) Thermo Melter(s).! understand thatif!am notcompletly delighted, or, the 


Thermo Melter doesn't do everything you say it does, I can return it within 2 weeks fora full refund 
„no questions asked. (Conn. residents, add sales tax) 


NOT SOLD IN STORES 


C Thermo Melter only $9.95 plus $1.00 shipping. 


D SAVE! Two for only $18.95 plus $1.00 shipping. 


[C Bankamericara/visa [C] wastercharge. 


Name Interbank No. 
Address. Card No. 

City. Expires. 

State. Zip Signature. 


AMAA NE. 


mum uum uuum uuum CONN. RESIDENTS ADD SALES TAX wmm mumm mes ce UNES som e 


Fireplace- 
efficiency 
boosiers 


— How do they rate? 


tom Kronos con- 
verts a straight-back, brick-lined fireplace 
into slant-back metal installation. Over- 
lapping panels adjust for width. 


Fireplace-furnace con- 
cept draws in cool air 
through pipes, heats it, 
and expels hot air into 
the room. Thermograte's 
glass windows let you 
control air intake. 
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A physicist experiments 
with accessories to find 
out how well they perform 


By JAMES TREFIL 

The author, a professor of physics at the University of 
Virginia, Charlottesville, writes regularly about energy 
conservation. 

Books on wood heating aren't kind to 
fireplaces, branding them as wasteful 
and inefficient. I suspect they'd be 
banned completely if wood-stove par- 
tisans had their way. But there's no 
denying that people enjoy fireplaces, 
efficient or not, and will continue us- 
ing them. 

Over the last decade many accesso- 
ries have been introduced to upgrade 
fireplaces as a home-energy compo- 
nent. These range from simple metal 
gadgets you can set in place in seconds 
to more complex devices that essen- 
tially turn your fireplace into a wood- 
burning stove. Costs range from tens 
of dollars to well over $500. 

Last fall I realized that the double 
fireplaces in my home made it possible 
to test how effective these accessories 
can be. The back-to-back fireplaces 
share a common double-flue chimney. 
Each fireplace heats about 700 square 
feet of floor space, and the two sepa- 
rate areas can be isolated from each 
other by closing doors. By monitoring 
the heat delivered by each fireplace, I 
could estimate how much an accesso- 
ry-equipped fireplace increased in ef- 
ficiency over the fireplace without an 
accessory. 

My tests at home couldn't provide 
the precise measurements of flue-gas 
chemicals, wood water content, or oth- 
er data possible in a lab. But the ad- 
vantage is that my tests closely 
matched how an accessory would 
function in a real-life setting. 


Efficiency boosters 

I selected, arbitrarily, accessories 
for tests that were practical for my 
own situation. They are not represen- 
tative of the entire accessory field, but 
all of these can be installed without 
Continued 


Enos 
the taste of 


id, smo oth and refreshing: 
Enjoy smoking again. 
Also available in 1005. 


EE Warning: The Surgeon General Has Determined 
KING: 1 . 1.2 mg. nicotine, That Cigarette Smoking Is Dangerous to Your Health. 
100's: 1 FIC Report MAY 78 


Fireplace-efficiency boosters 


[Continued] 


the need for elaborate retrofitting. 

Each of the accessories is designed 
to overcome one or more of the defects 
that reduce fireplace efficiency. Effi- 
ciency boosters can be classified as: 

* Radiation enhancers. Hot coals 
are often shielded from the room by 
logs. These accessories are designed to 
increase the amount of heat radiated 
into the room. They may rearrange 
the fire or the fireplace structure. 

* Alternate-air suppliers. Normal- 
ly, there's no precise control of air 
coming into a fireplace. These devices 
bring combustion air into the fire- 
place from an outside source. 

© Convectors. Unlike stoves that 
heat by radiation and convection, fire- 
places heat only by radiation. These 
accessories augment normal radiation 
by circulating air around the fire in 
pipes and forcing it back into the 
room. 

© Fireplace stoves. These accesso- 
ries are more complicated (and expen- 
sive), but they turn your fireplace into 
the equivalent of a high-efficiency 
wood stove. 

Accessories I tested or used are 
shown in photos and drawings on 
these pages. Two of the three radia- 
tion enhancers, the Texas Fireframe 
grate and Kermco Heat Booster, func- 
tion by rearranging the fire. The 
Kronos Reflector modifies the fire- 
place. The curved Kronos reflector 
shield converts a vertical brick-lined 
fireplace into a metal-backed ar- 
rangement. Since I started with a 
slant-back, metal-lined fireplace, lit- 
tle efficiency increase could be expect- 
ed from the Kronos, and it is not in- 
cluded in the test results. 

The Jai Ram Air Iron drew combus- 
tion air from a crawl space in my home 
when it was placed over the ashpit 
opening. The cold outside air was fed 
into the front of the fire. Morton's 
Hearth furnace and the Thermograte 
fireplace stove are both convectors. 
The Thermograte device can be oper- 
ated with or without its electric fan. 
Also, its airtight glass door allows you 
to control air intake. 


Test formulas 

Heat loss through the walls and roof 
of your home depends on its insula- 
tion, number of windows, and type of 
construction. It is this heat that must 
be made up by the fireplace [see 
"Woodburner Efficiency," PS, Jan. 
"19]. The major influence on heat loss 
isthe temperature difference between 
your living space and outside air. This 
can be expressed as 

Q= K(Tin - T), 
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Combustion air drawn through the floor 
or ashpit and supplied to fire can prevent 
heated room air from being drawn up the 
flue. Jai Ram makes the Air Iron. 


Hollow steel tubes in the Morton Hearth 
furnace support the fire. An electric blow- 
er draws air through the pipes, augment- 
ing heating from direct radiation. 


Radiant-heating improvement is claimed 
for the Texas Fireframe, which arranges 
logs to create a slot-shaped opening. Ar- 
rangement also controls log burning. 


where Q is the fireplace heat, T;, is 
inside temperature, and Tox the out- 
side temperature. K is a number that 
depends on the built-in insulation fac- 
tors mentioned above. 

In my setup, two fireplaces each 
heat a different space. These heat 
sources can be written as 

Qi- Ki(Tin - Tou) 
and 

Qe = Ko(Tin — Tout), 
where Q; refers to heat delivered by 
the first fireplace and Q; is heat from 
the second. 

The spaces being heated aren’t 
exactly identical. One fireplace room 
has a stairwell, while the other side 
has ceiling grates. The south side has 
more windows than the north side. 


Angling logs toward you provides more 
radiant heat in the room and less up the 
chimney, according to Kermco. Its Heat 
Booster goes on a grate or floor. 


Heat from a stove, refrigerator, and 
water heater is added to one side. 

To account for these differences, I 
first made what's called a normaliza- 
tion run. Equal amounts of wood were 
burned in both fireplaces so they could 
deliver the same amount of heat to 
their respective areas. Monitoring the 
temperature in each space (and out- 
side) enabled me to determine how 
construction differences influenced 
heating the two areas. For example, if 
it takes 10 pounds of wood to keep one 
area at 65 degrees, but only nine 
pounds for the other, you can say 

Q/Q. = K/K;- 10/9 = 1.11. 

The normalization run, then, tells 

how differences between the two heat- 
Continued 


HOW MUCH FISHING 
CAN HOMER CIRCLE DO 
WITH EVINRUDE'S NEW 7⁄2 
AND 5 GALLONS OF FUEL? 


NOTE FROM EVINRUDE: Miles per gallon and gallons per hour figures are fine for boat testers and engineers. 
But they don't mean much to ordinary troll-and-search, stop-and-cast fishermen. So we invited noted fishing writer 
Homer Circle, Angling Editor of Sports Afield, to run the 7'2 for a week — doing what he would typically 
do fishing an unfamiliar lake — and report on what he did and how much fuel he used.* His report follows: 


“It takes a heap of running to find fish during 
dog-day doldrums. And this was the challenge 
we faced when invited to ‘‘wring out" Evin- 
rude's new 7'4 hp outboard. 


“A week's fishing on less than a gallon of fuel a 
day? The way I fish, without the help of an 
electric motor? Frankly, I doubted it. maybe 
four, but surely not six days. 


**Gayle, my ‘childbride’ of 42 years, and I have 
fished together over three continents, and rare- 
ly have we found the fishing tougher. 


“Using a topographic map of Wisconsin's 
Namekagon Lake, we systematically sought 
out bottom structures using a sonar flasher. We 
did not skimp on fuel but probed as we normal- 
ly would under such conditions. 


**We fished as we did 25 years BE, before elec- 
trics. We either let a friendly breeze waft us 
along an area, or anchored to fish out select 
spots, or trolled from one point to another. 


**To catch enough fish to eat, we had to hit it hard 
to ferret out four holding areas from one to four 
miles from the dock. Then, putting aside 


thoughts of fuel frugality, we deep-trolled dur- 
ing midday hours seeking a suspended lunker. 


**Not only did we use just 5 gallons of gas during 
the week, we experienced the flawless per- 
formance of a thoroughbred. It powered our 
14-foot AlumaCraft from flat to scat in 
seconds. 


“I found especially handy two features at the tip 
of the control handle: a kill button, and a 
knurled ring to fine-tune idling. 


**Only on three occasions did this motor fail to 
start on the first pull. All were my fault for 
forgetting to put the handle control on ‘start.’ I 
liked the dock manager's comment: ‘Sounds 
like my mother's sewing machine." 


“Summarizing: we put Evinrude's new baby to 
the test and found it totally adequate to all our 
fishing needs. In short: it's a gas-hoarding 
honey!" 

*Of course, your fuel consumption will depend on 
conditions and your use of the outboard. 


EVINRUDE = 


©Outboard Marine Corporation 1979. All rights reserved. 


NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all means 
write for our free booklet as a guide, 
whether you do it yourself, or employ 
us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 

Manufacturers will take Notice 
* The Next Step to Take if a Manufac- 

turer Shows Interest. 

* Approximate Royalty Rates Manufac- 
turers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 

Patenting 
Our reason for giving away information 
we've gathered over our 26 years in this 
business is simply that we hope you 
read it and employ us at our reasonable 
fee rather than do it yourself. But that 
will be for you to decide. 

But understand, we are not promoters, 
developers, brokers. Ours is a technical 
service of writing descriptive materials 
foryourinvention and selecting the right 
manufacturers who potentially should 
be interested in it. The materials we 
prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to thebooklet.We want you as 
a client but only if, after reading it, you 
think you need us. Otherwise the book- 
let will show you how to do it yourself. 

So use the coupon below or call us 
Toll Free. We'll rush the booklet to you. 
No obligation whatever. But please do 
not send models. 

REFERENCES: Your own bank, 
attorney, or Chamber of Commerce. 

Mail this coupon or CALL TOLL 
FREE 800/537-1133, Ext. 71. In Ohio 
CALL 419/332-6496, Ext. 71. Mail the 
coupon or call today. 


i, MAIL THIS COUPON 1 


Il Mr. K. O. Kessler, President 
y Kessler Sales Corporation, 

Dept. D-71, Fremont Ohio 43420 

Please mail mea copy of your FREE Book- 
|| let explaining how to go about selling my 
1 invention. It is understood that this does 

not obligate me in any way to use 
I g: 

your service. 


J 
J 
I Street Address 


Lory ——— state zin 
Lessee um Rn 


Wife ———— M —— ——— 


Leese eee 
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Fireplace-efficiency boosters 


[Continued] 


ed areas influence their thermal per- 
formance. This measurement also 
tells when an accessory improves fire- 
place efficiency. In the example above, 
the fireplace plus an accessory in area 
two must Burn less than nine pounds 
of wood for an efficiency improve- 
ment—even though the fireplace 
without an accessory burned 10 
pounds. After several runs, the result 
for my home, K/K;, was 1.2. 

With the preliminaries settled, I 
could begin the main testing program. 
Let's run through a one-hour test so 
you can see how the whole process 
works. Suppose fireplace one with an 
accessory burns seven pounds of wocd 
in one hour, while fireplace two burns 
10. Say that during this hour the out- 
side temperature is 30 degrees, the 
temperature in area one is 65 degrees, 
and it's 62 degrees in area two. 

This means that during the hour an 
amount of heat Qı = K;(65 —30) = 
35K, was delivered to area one. Also, 
heat equal to Q;— K;(62 — 30) - 32K; 
was delivered to area two. 

Now the amount of heat a wood- 
burner delivers is equal to its efficien- 
cy times the amount of wood burned. 
In area one (accessory fireplace), 

E; x 7 pounds = Q; = 35K,, 
while the efficiency of area two (fire- 
place only) is 

E; x 10 pounds = Qz = 32K;. 
Thus the relative increase in efficien- 
cy in this hypothetical case is 

Ei 1,99 La 

ETK,” 32% 7 1.875, 
where the result of the normalization 
run is used to set K;/K; = 1.2. The 
conclusion is that the added accessory 
produced an 87% percent increase in 
efficiency at converting firewood into 
heat. Efficiency for a nonaccessory 
fireplace is 1.0 (see table). 

Tests on the accessories ran for five 
or six hours instead of one. The first 
two columns of the table show test re- 
sults for two cases. Column one indi- 
cates efficiency increases over a stan- 
dard fireplace, obtained by closing off 
the air ducts on my circulating fire- 
places (not recommended normally, 
Since uncooled metal can overheat). In 
the second column are efficiency in- 
creases over a circulating fireplace. 

All these numbers represent rela- 
tive efficiencies—that is, efficiencies of 
the fireplace and accessories relative 
to the fireplace alone. Another rele- 
vant number is absolute efficiency, in 
the third column. In an earlier article 
[PS, Oct. '78], I described how a simple 
experiment indicated the efficiency of 
my circulating fireplaces was about 
30 percent. This figure was used to es- 


timate the absolute efficiencies of the 
accessories. Unlike the results of the 
first two columns, these estimates 
aren't something I’ve measured di- 
rectly. 

Two radiation enhancers, the Texas 
Fireframe and Kermco Booster, pro- 
vided noticeable “beamed” heat. But 
keeping the fire arranged properly 
was something of a chore. I used the 
Kronos reflector shield as extra pro- 
tection against burnout—gradual oxi- 
dation of metal contacting hot coals— 
of my metal fireplace core. It’s far eas- 
ier to replace a $30 reflector than a 
built-in core. 

Burnout shouldn’t be a problem 
with the heavy-gauge steel in the 
Morton and Thermograte accessories. 
Air flowing through the pipes should 
minimize overheating. But budget 
“wraparound” grates of thin metal 
probably couldn’t survive one winter 
of moderate use. Jai Ram’s Air Iron is 
installed with a very effective layer of 
wood-ash heat insulation. 

After a winter of messing around 
with fireplace add-ons, I’ve concluded: 

* Accessories can boost fireplace 
efficiency into the 20-30 percent 
range—efficiency matched with that 
of cheap wood stoves. 

* Costlier fan-driven accessories 
can push efficiency still higher. 

* Add-ons like the Thermograte 
can convert a fireplace into a stove at 
a cost comparable to that of expensive 
wood stoves. 

* Devices like the Jai Ram Air Iron 
produce the highest boost in efficiency 
for lowest cost, minimizing heated liv- 
ing-space air going up the flue. 

Since I dislike the noise of motor- 
driven fans, and prefer throwing a log 
on the fire without worrying about its 
arrangement, my choice for the cur- 
rent heating season was a Jai Ram 
Air Iron. Hu 


Comparison of booster efficiencies 


efficiency 


Estimate of 
absolute 


Ordinary 
fireplace 


Circulating 
fireplace 


Texas 
Fireframe 


Kermco 
Heat Booster. 


Jai Ram 
Air Iron 


Morton 
Hearth 


Thermograte 


HOW TO GO INTO 
THE JOB MARKET WITH MORE 
THAN JUST ENTHUSIASM. 


PICK A SECOND JOB FIRST. 

Looking for a good job 
but don't have the skills or 
training needed? 

Join your local Army 
Reserve unit, and we'll train 
you for a part-time job that 
can lead to a full-time career. 
Like Medical Technology. 
Surveying. Communications. 
Or, depending on your qualifi- 
cations and your unit's needs, 
one of the other 300-plus 
career specialties. 

And you can go into the 
Army Reserve with more than 
just enthusiasm, too. Because 
many y Reserve units can 
offer you enlistment i incen- 
tives. Eithera 
bonus of $1,500 
or upto $2,000 to- 
ward your college 
expenses. 


EARN WHILE 
YOULEARN. 
Aftereight WUA 


weeks of Basic Training, you'll 
learn your skill by spending an 
average of two to four months 
at a top-notch Army school. 
(Thru one option, you can 
ne your Basic and Advanced 
raining between two con- 
secutive summers. A nice 
convenience for students.) 
And you'll be earning 
over $400 each month away. 
THE EXTRAINCOME 
IS GREAT. 
Back home, you'll 
pane your new skill 16 
ours a month (usually on a 
weekend) and two full 
weeks during the year 
with your local Army 
1 D unit. 
wv. You can 
make over 
42 thousand 
dollars a year 
J to start, 
from this 
part-time 


== Career. 


STILLIN HIGH SCHOOL? 

Now you can join if you're 
17 or older and have com- 
pleted the ninth grade. 


ACT TODAY. 

Mail the postcard for 
more information. Or, to locate 
the recruiter nearest you, call 
800-431-1234 toll free. In N.Y., 
800-942-1990. In Alaska or 
Hawaii, check the Yellow 
Pages under "Recruiting" 


Private First Class Lee Thompson; 84lst 
Engineer Bn. USAR, Miami, Florida. 


MEET TODAY'S ARMY RESERVE. 


ON TARGET 


By PAUL WAHL 


Fast-gun fun 


Microprocessor technology has made 
possible the fascinating new shooting 
game "Draw!" Your computerized oppo- 
nent, an evil-looking desperado, faces 
you from an illuminated screen. The idea 
is to beat him to the draw. 

Electronic six-shooter holstered on 
your hip, you press a button and cock the 
handgun's hammer to start the action. 


When the outlaw 
begins to draw (his 
gun light moves), 
you pull your re- 
volver and shoot. 
Realistic light and 
sound effects sim- 
ulate the exchange 
of gunfire. Out- 
draw the badman 
and he falls to the 
music of one of 
six programmed 
dirges. Miss by 
shooting too soon 
or too late and you 
get an electronic 
Bronx cheer while 
the vou Lose sign 
flashes. After six 
tries, beeps sound 
out the number of 
hits you scored. 

The time it takes 
the outlaw to make his move is varied ran- 
domly. Should you prove more than a 
match for his gunslinging, you can make 
the game more challenging by switching 
from the BEGINNER to the PRO setting, thus 
speeding up his draw. 

Playing gunfighter with “Draw!” is 
great fun. I think that this product of Cole- 
co Industries, Inc. (945 Asylum Ave., Hart- 
ford, Conn. 06105) is well worth its under- 
$35 price. 


New woods rifle 


Marlin's lever-action repeaters have been 
favorites of American hunters since 1893 
and the rifles of today retain the superior 
design features, as well as the classic 
Western look, of the originals. Latest in 
this series is Model 375, a fast-handling 
carbine chambered for the powerful 375 
Winchester cartridge [On Target," Nov., 
'78]. It's just the ticket for deer hunting in 
heavy woods. 

Weighing about 6% pounds, the Model 
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375 has a 20-in. barrel and its half maga- 
zine tube holds five cartridges. The two- 
piece stock is American black walnut with 
fluted comb, full pistol grip, rubber butt 
plate, quick-detachable swivels, and 
leather carrying strap. Standard sights are 
semi-buckhorn rear and hooded ramp 
front. But for best results, | recommend 
equipping the Model 375 with a suitable 
scope sight in 2%X or 3X, ample magnifi- 
cation for brush-country hunting. Marlin's 
solid-top, side-ejection receiver permits 
low, centered scope mounting. And to fa- 
cilitate cocking the 
scope-equipped ri- 
fle, Marlin provides 
an offset hammer 
spur. Adaptable for 
right or left han- 
ders. 

A product of the 
Marlin — Firearms 
Company (100 Ken- 
na Dr., North Ha- 
ven, Conn. 06473), 
the Model 375 car- 
bine costs $210.45. 


[D 


Ultralight compact binoculars 


If you like to travel light, conventional bin- 
oculars often seem to» big and heavy to 
take along. Yet good b 'r'oculars really are 
a must for every hunter and add a lot to 


the enjoyment of other outdoor activities, 
too. Recently, | tried out a new Nikon Fea- 
therweight Roof Prism 7x20 binocular. It 
weighs about 7% ounces and, at only four 
inches wide and four inches long, can be 
carried conveniently in the pocket of a 
hunting shirt. 

Field of view for this 7x20 binocular is 
122 meters at 1000 meters. Brightness in- 
dex is 8.2. It costs $250 in a choice of satin 
black or silver finish, including a zippered 
soft-leather carrying case. Also available 
are 6x20 at $231.50 and 8x20 at $268.50. 
These binoculars are distributed in the 
U.S. by Nikon Inc., 623 Stewart Ave., Gar- 
den City, N.Y. 11530. 


Utility knives 


Designed to be the outdoorsman's con- 
stant companion afield, A. G. Russell's 
compact Sting and the BenchMark Natch- 
ez and Ninja, designed by Blackie Collins, 
are prime examples of the popular new 
general-purpose knives. 

Only 6% in. long and weighing about 
three ounces, the handsome little Sting is 
one piece of stainless steel, drop-forged, 
with integral hilt and butt. Its 3%-in. dou- 
ble-edge blade has a bright mirror finish. 
Depending on your choice of handle, the 
Sting costs $45-$85, leather sheath with 
clip included. It's made in Solingen, 
Germany, for A. G. Russell Co., 1705 Hwy. 
71 No., Springdale, Ark. 72764. 

Striking good looks and fine design 
characterize the Natchez. With overall 
length of 8% in. and weight of about six 
ounces, it has a four-inch stainless-steel 
blade with a long false edge and a double 
guard of brass or stainless with matching 
handle rivets and lanyard hole liner. With 
a lined Micarta handle and brass guard, 
the Natchez sells for $68.50. 

“Businesslike” best describes the Ninja 
with its rugged, black Lexan handle. This. 
tough, lightweight (four ounce) knife is 
eight inches long; the four-inch hollow- 
ground stainless-steel blade has a short 
false edge. The Ninja is secured in its 
leather sheath by a locking stud that en- 
gages the lower hole in the handle. This 
allows the knife to be worn upside down. 
Easily one of the better survival-knife de- 
signs, the Ninja is priced at $54. Both the 
Natchez and the Ninja are made by Bench- 
Mark Knives, Box 998, Gastonia, N.C. 
28052. [B] 


ALFA ROMEO 62.78 tor all Guia. GT & Spider mals 
ALFA ROMEO 73.78 tor all Aletta models 

AMC AMBASSADOR 68.74 covers ali models 

AMC PACER 75:77 covers a! modes 

ARROW, PLYMOUTH 76.77 for all models 

ASPEN, DODGE 76-78 for ai models 


1713 
964) 
9643 
8677 
0991 
9404 
7122 
8749 
0916 
1203 
0752 
0379 
0503 
1007 
1042 
9813 
9760 
0883 
0504 
0024 
0001 
0727 
0032 
8678 
9557 
0379 
8331 
8212 
0383 
0838 
1038 
888 
0051 
8407 
0870 
8187 
0779 
1661 
1662 
1145 
0020 
9588 
8539 
B264 
9422 
8211 
8212 
0477 
0478 


AUDI 100 70-77 for ai mode's nc 100. 
‘AUDI FOX 73-79 covers al models 


AUSTIN HEALEY 100/6, 3000 56:68 lor a! modes 
AUSTIN MARINA 71.75 sedan and GT models 
BARRACUDA & ‘CUDA 65-72 al 6 & VB models 
BLAZER, CHEV 59:77 tor ali 2 & & whl dr mais 
BMW 1600 66.73 covers ali models 

BMW 2000, 2002 66.76 covers a! mis inc CA, CS, Ti 
BMW 320 75.78 covers al models 

BMW 2500, 2800, 3.0 s! mais inc Bavaria & CS 
BOBCAT, MERCURY 76.79 covers ai models 
BRONCO, FORD 66:77 al 2 & 4 whi arve models 
BUICK 66:74 factory manual most pre car year 
CADILLAC 61.63 factory shop manual give year 
CADILLAC 68.74 ali models excot Dorado 
CADILLAC 76.77 factory manual must pve year 
CAMARO 67.78 covers al 6 & VB modets. 

CAPRI 70.76 tor ai 2000, 2600. 2800 mals 
CHALLENGER 70:72 covers all 6 ang VB mals 
CHARGER 67.70 forall models me 500 & R/T 
CHARGER 71.75 covers ali models 

CHEVELLE 64.77 inc Mente Cario. El Camino 
CHEVETTE 76.78 covers al models 

CHEVROLET 29-40 covers ai! fey! models 
CHEVROLET £5.54 reprint of factory shop manual 
CHEVROLET 55 or 57 repent factory manual gue year 
CHEVROLET 56 supplement to 55 manual 
CHEVROLET 68.77 fora ul size mode's 

CHEVY Y 62:77 covers all 6 & VB models 

CHEVY LUV 72.77 covers all models 

CHEVY PICK-UPS 67-78 all models & GMC 

CHEVY VANS 67.78 for al models & GMC 
CHRYSLER 55.71 ai nc Newport 300, New Yorker. 
CHRYSLER 75.77 factory manual pve year 
CITROEN 10, DS 67°73 lor al mats 15,20, 21 
CITROEN SM reprint c factory service manual 
COLT, DODGE 71.77 covers al modes, 

COMET 60.65 covers al models 

COMET 70.77 covers ali models 

CORONET, DODGE 71:75 covers al models 
 CORVAIR 60:69 covers al models 

CORVETTE 57 65 covers a! 283 & 327 models 
9481 CORVETTE 66:76 covers all 327, 350, 427. 454 models 
1756 CRICKET PLYMOUTH 70-73 also covers Avenger 
9440 DART & DEMON 65:67 covers al maces 


AUSTIN AMERICA 68.71 covers ali models inc 1100, 1300 


8188 DART & DEMON 68.76 covers all models 

1657 DATSUN F10 76-78 covers all models 

1164 DATSUN 2005X 77-79 covers all models 

8065 DATSUN 1200, 8210 68.78 covers all models 

8127 DATSUN 2402, 2602, 2802 70-78 covers all models 

1551 DATSUN 510 68.73 covers all sán & wagon mals 

1074 DATSUN 510 1978 models 

9583 DATSUN 610 68.76 covers all models 

0935 DATSUN 710 73.77 covers all models 

82 71 DATSUN 810 71.78 covers all models 

1258 DATSUN 311 1600/2000 SPL & SRL models 

9297 DATSUN PICK-UP 68-77 covers ali 521 & 620 models 

1145 DODGE 55-71 all mc Coronet, Monaco, Polara 

0871 DODGE 72-77 for ali Monaco & Polara models 

1259 DODGE OMNI 78.79 covers ali models 

8208 DODGE RAMCHARGER 74.75 covers all models 

8564 DODGE PICK-UP 65-75 service: maintain all 2owhi drve 

8371 DODGE PICK-UP. 65.75 Servce/Mamntam all 4-whi drive 

8203 DODGE VANS 67-77 a! 100. 200, 300 mals & Plymouth 

8192 DUSTER 70-76 for ali models inc. Scamp 

NERAL 

1264 CHILTON AUTO REPAIR 73-80 tor all American $1695 
1775 CHILTON AUTO REPAIR 68-75 Reg $12 95, Special $695 
1763 CHILTON AUTO REPAIR 54.63 for ail American cars $17.95 
8561 CHILTON TRUCK REPAIR MAN 61.71 for all '<-2! ton mals $19.95 
0445, CAR ECONOMY TUNING GUIDE getting most from the least — $295. 
7125 AUTO AIR CONDITIONING... service & repair all $695 
8726 TRANSISTOR IGNITION SYSTEMS covers them all $5.95 
1067 MORE MILES-PER DOLLAR GUIDE How to do |t night $5.95 
1509 INTRODUCTION TO TUNING what it & how to do it $295 
9622 HOW TO TUNE YOUR CAR good for all cars $495 
8859 GM DIAGNOSIS & REPAIR MANUAL 70:80 for all GM cars — $935 
1712 BASIC AUTO REPAIR MANUAL a must for any car $595 
1707 BASIC BODYWORK & PAINTING $195 
1711 BASIC CARBURETORS & FUEL SYSTEMS $155 
1706 BASIC CHASSIS, SUSPENSIONS, BRAKES 3195 
0791 BASIC ENGINE HOTRODDING $395 
1708 BASIC IGNITION & ELECTRICAL SYSTEMS. $355 
0680 BASIC AUTO TROUBLESHOOTING for all cars $3.95 
8359 BRAKE SERVICE GUIDE for repairing all types & makes $535 
3759 ELECTRIC FUEL INJ MANUAL 70-77 tor all mported cars — $9.98 
(0889 FUEL INJECTION MANUAL covers all systems through 1972 $14.95 
9411 HOLLEY carbs, all 2 & 4 bbl, tune & rebuild $5.95 
9652 ROCHESTER caros. all nc ANN Quadrajet $9.95 
9666 SOLEX CARBURETORS all | & 2 barre! downdraft $295 
6354 SU CARBURETORS tune & rebuild ai to 1976 5650 
9423 STROMBERG CD CARBS tune rebuild all to 1976 $650 
0734 WEBER DCOE overhaul manual $495 
1153 WEBER CARBURETORS theory & design $3.95, 
9803 WEBER CARBURETORS tuning & rebuicing all $395 
0827 AUTOMOTIVE REFINISHING best paint book yet $5.95 
8425 MINOR AUTO BODY REPAIR step by step how to $695 
5104 AUTOBODY REPAIRING & REPAINTING the best $3.95 
5106 GLASS FIBER AUTO BODY construction & repar $3.95 
1071 CREATIVE CUSTOMIZING how to dost bke a pro $695 
8491 PRACTICAL ENGINE SWAPPING how to do it night $595 
0541 MODERN DIESEL CARS describes all models now soid $5.95 
7128 DIESEL, How to convert your car. van, pickup to $635 
0682 GLENN DIESEL/GAS FI MAN 65.73 Bosch, KugeifscherSpea $8.95 
8432 DIESEL ENGINES, HOW TO REPAIR. compiete trang course | $595 
1017 AUTOMOBILE ENGINE REBUILDING 351375 
0995 CAR INTERIOR RESTORATION useful for all cars $195 


Know your car 


Know how to fix it. 


„to tune i 


-to service it...to 


keep it running right. The TOTAL SERVICE MAN- 
UAL for your car will show you how to do everything 
from a minor adjustment to a major repair. 


TOTAL SERVICE MANUALS are digest 


À MAVERICK 69:71 6 cyi 170, 200. 250 cu in eng 
MAVERICK 72 77 covers a models 
MAZDA GLC 77 78 covers a modes 
MAZDA RX2 70.73 covers sedan & coupe mals 

1 MAZDA RX-3, 100 70.74 covers ali modes 
MAZDA 71.78 includes EX& and Cosmo models 


of official 
TOTAL SERVICE MANUALS 


FAIRLANE, FORD 62.70 covers ali models 
FALCON 60.64 covers ai models nc Comet 
FALCON, FORD 6 64.70 covers ai 6cyi models 
FALCON, FORD V8 65-71 covers a! V8 models, 
FIAT 124 67 77 al cc son. sta wgn, TC. spi 
FIAT 124 SPORT 66-75 lor coupe & spider mais 


FIAT 124 SPORT 75.78 for coupe & sper mals 
FIAT 128 69.77 for all modes me SL & Rally 

FIAT 131 75.77 covers ali Miraton mode's 

FIAT 850 64.74 a! sedan, coupe & spder mais 

FIAT X1/9 73.77 

FIESTA, FORD 77.79 tor a models 

FIREBIRD covers ai models—67-74 

FORD 55-67 at inc Gaiane. LTD. Custom & wagons 
FORD 68-77 inc Galan. LTD. Custom, XL & wens 
FORD COURIER 72.77 covers a models ported 
FORO PICK-UP 69.79 covers a! models 

FORD VANS 66:68 covers a models 

FORD VANS 69:79 covers a'l 6 & VB models 
GRANADA, FORD 75.77 covers ai models 
GREMLIN & HORNET 71:77 covers ail 6 & VB mode's 
HONDA 360, 600. 2— ai modets 

HONDA ACCORD 76.77 

HONDA CIVIC, CIVIC CVCC 73.77 covers a! models 
INTERNATIONAL SCOUT 67.73 800, A. 8. li mals 
INTERNATIONAL 62:75 tune & matan ail más 
JAGUAR XK120. 140, 150 4861 asc Mk 7.8.9 
JAGUAR 55-69 sedan más 24, 34. 38. 240. 340 
JAGUAR E-TYPE 61-72 covers ati 6-cyinder models 
JAGUAR E-TYPE V12 71-74 covers ài models 
JAGUAR XJ 68.78 covers ai models 

JAGUAR XJ12 72-77 tor a! modes inc Damier 

JEEP 50.65 fo & & 6 cj staton 

JEEP 66.75 for ali Cherokee. Commande & Wagoneer más. 
JEEP WAGONEER seres win 230 onc eng 

JEEP UNIVERSAL C12, CJ.3 reprint factory manual 
JEEP C5. 16.17 5579 

JEEP FC150, 170 covers 2 tront cab mogeis 
JENSEN HEALEY reprint of factory manual 
LANDROVER 1. 2.2851 for 9 mode's 

LANDROVER 53.76 covers 2. 28, 3 gas & Jesel models 
LINCOLN 55.70 covers ai models 

LINCOLN 71.77 aii modes inc Versavies 


MAZDA PICK UP 72 75 8 1600 & rotary eng. má 
MAZDA 808, 818 72 78 covers a models 

MAZDA 1500, 1800 67 74 covers 9! models 

MERCEDES BENZ 190 59.68 & C & 200 models 
MERCEDES BENZ 1908L rect of owner's manus 
MERCEDES BENZ 220 59:65 covers a! mais 

MERCEDES BENZ 220 68.72 más excep! Diesel 
MERCEDES BENZ 230 63.68 nc 2305 & SL 

MERCEDES BENZ 250 6568 covers all models 

MERCEDES BENZ 250 69.72 covers al models 

MERCEDES BENZ 280 68.72 covers al models 

MERCEDES BENZ 68.73 inc 280, 300 & 350, 450 VB mals 
MERCEDES BENZ 74 79 Covers aii models nc Deseis 
MERCURY 55.70 covers a modes 

MERCURY 71.77 for ali models nc Cougar 

MG TA. TB. TC. TD, TF 3655 

MG MIDGET 58-78 covers a) models 

MGA, MGB 55.68 covers all modeis inc twn cam 

MGB. NGBGT 69:79 9 roadster & coupe models 

MGC reprint of factory manua 

MINI 58.75 covers aë models inc Mv Cooper 
MONARCH, MERCURY 75.77 for 3! modes 


MONZA. CHEVROLET 77-79 factory manual gwe car year 
REST BOOKS 
0906 OLD CAR VALUE GUIDE latest edition $755 
8474 BYPASS EMISSION CONTROLS 71.77 GM cars $895 
8421 CHEVROLET RACING ENGINE how to buid $635 
1243 CHEVY, RACING THE SMALL BLOCK super performance — $595 
8125 CHEVY SMALL BLOCK, how to rebuild $5.95 
9409 CHEVY SMALL BLOCK, How to hotrod $595 
0949 CORVETTE RESTORATION SOURCE BOOK 53.67 the bible $19.95 
3402 CORVETTE PARTS BOOK 53.72 every part pes, =5 $2495 
1066 CORVAIR ENGINES, How to hotrod $595 
0776 DATSUNS. TUNING tor aii mais inc 510. 610, 2402, 2602 .. $5.95 
0946 FORD SMALL BLOCK. How to rebuic $5.95 
195 FORD PERFORMANCE row to get for street or track $695 
0585 PRICE GUIDE, NEW CARS latest ed, c deser costs 3155 
6331 GOLD BOOK oci used car value gude 46-70 $735 
8152 BOLT-ON PERFORMANCE wnat to buy & what it wil do. $695 
0735 SUPERPOWER turbo & supercharge. fuel inin. $695 
9210 TURBOCHARGERS, How lo select & insta $7.95 
5117 DESIGN & TUNING COMPETITION ENGINES. $1435 
422 AUTO AERODYNAMICS eng eenng fundamentals $750 
2481 BUILDING A RACE CAR picture by picture $5395 
441 HOW TO MAKE YOUR CAR HANDLE street track $795 
658 AIRCOOLED ENGINES MANUAL añ | & 2cy over 15 cd — $795 
9419 SMALL ENGINE SERVICE MANUAL al! cy under 150d — $798 
8050 LAWNMOWER serce & hx al popular makes $495 
3525 MACHINING FUNDAMENTALS to use ail mache shop equa $15.95 
00636 MODERN METALWORKING covers al meta & methods $15.95. 
3147 EXCAVATOR OPERATION dozers. backhoes. loaders. cranes — $600 
0592 FORK LIFT TRUCKS sence. cverhau! all gas. prop. elec $19.95 
9807 HEAVY EQUPT REPAIR dozers. backhoes, cranes. etc $1500 
0135 MOPED SERVICE & REPAIR ail makes & models $695 
0745 MOTORCYCLE REPAIR ENCYC 200 mis. 23 makes thru 76 . $995 
0557 CHAIN SAW SERVICE MANUAL for top 34 makes $735 
8002 OIL BURNERS How to instal and service $9.95 
006 WASHING MACHINES fix ai makes & models $495 
8728 SOLAR HEATING & COOLING how to get (free. $495 
381 COMPUTER PROGRAMMING HANDBOOK covers ai languages $9.95 
8454 COMPUTER LOGIC. BEGINNERS GUIDE $595 
938 COMPUTER CONTROLLED ROBOT. How to buid your own — $7.95 
0586 PRICE GUIDE. FOREIGN CARS latest ed. c dealer costs $195 
0587 PRICE GUIDE. USED CARS latest eciton $195 
0974 PHYSICAL FITNESS DIGEST "ow to keep yourself m tune $7.95, 


inside and out. 


factory workshop manuals. Each one is carefully re- 
written for use by the do-it-yourself car owner. Clear 
and easy to follow, yet complete and detailed enough 
even for professional use. You get all the important 
formation plus hundreds of the best pictures, dia- 
grams, and specifications. 


SATISFACTION GUARANTEED OR YOUR MONEY BACK 


MORGAN 36.77 covers ali &-cyi models 
MUSTANG 65.73 covers al 6<ycinder models 
MUSTANG VB 65.73 covers all models 

MUSTANG II 74-76 covers all 4. V6, & VB models 
NOVA 69-77 covers all 6 & VB models 

OLDS CUTLASS 70.77 covers all inc 442 models 
OLDSMOBILE covers a! models-—55-74 
OLDSMOBILE 75.79 factory manual — gue year 
‘OPEL KADETT 62.73 1000. 1100. 1200 models 
‘OPEL KADETT 67-73, 1500, 1700, 1900 mats 
OPEL 1900 MANTA 70.74 covers al coupe mals 
OPEL 75-77 covers all models inc Isuzu 


OPEL GT 68.73 covers ai 1900 models 
PEUGEOT 304 covers a! models—70.73 

PEUGEOT 404 60.75 covers ail models 

PEUGEOT 504 68.74 mcices dese! models 
PEUGEOT 504 68.76 for al gasoine models 

PINTO 70.73 covers ail models 

PINTO 74.79 covers all models nc Bobcat, 
PLYMOUTH 55.71 si nc Belvedere, Fury, Satelite 
PLYMOUTH 72.76 Fury. VIP, Gran. Suburban mals 
PLYMOUTH HORIZON 78.75 covers all models 
PONTIAC 69.75 factory manual a! models give year 
PONTIAC TEMPEST 68 73 ali mais inc GTO. Le Mans 
PORSCHE 356 57.65 covers A. B & C models 

1 PORSCHE 911 64.73 covers all models. 

PORSCHE 911 74.77 includes N. S, Targa, Carrera 
PORSCHE 912 65.69 win 1582cc engine 

PORSCHE 914 70-76 aii models c 914/6 
PORSCHE 924 76.78 

RAMCHARGER, TRAILOUSTER 74.75 all models 
RENAULT 5 72.78 for ali models me Le Car 
RENAULT B, 10 62.72 covers a modets nc 1100. 
RENAULT 12 69.79 covers all modes nc auto trans 
RENAULT 15, 17 71-78 all mdis nc TL. TS 
RENAULT 16 65.78 covers all models 


ROADRUNNER & SATELLITE 68:73 ali models 


0395 
1121 ROVER 2000 63.75 tor all models inc 2200 


9493 
0750 
8440 
1098 
8058 
0853 
0845 
0489 
9773 
8189 
0912 


SAAB 95, 96 66-75 covers ali Và models, 
SAAB 99 69.75 covers all models ic fuel injection 
‘SAAB 67-76 covers all models inc Sonnet 

SPRITE 58.71 covers ni Ms 1,2, 3 & 4 models 
SUBARU 70.77 covers a) models 

‘SUNBEAM ALPINE 55.65 Mk, 2. 3, 4 & Rapier 
‘SUNBEAM TIGER reprint of factory shop manual 
TEMPEST, GTO, LE MANS 63.73 al models 
THUNDERBIRD 71 77 covers all model 

TORINO 6.75 al models c Elte, Ranchero 
TOYOTA CELICA 70:77 covers all models imported 
TOYOTA COROLLA 68.74 forall models 

TOYOTA COROLLA 75.77 ai including 5-speed 
TOYOTA CORONA 65.68 covers 4.cy! 1500 models 
TOYOTA CORONA 63.73 for al 4 cy! models inc MK I 
TOYOTA CORONA 74.77 covers ai -cyi models. 
TOYOTA CORONA 68-76 covers all 4c models 
TOYOTA CORONA Mk 2 72.74 tor ali cy! mals 
TOYOTA HILUX 68:77 covers all pick up models 
TOYOTA LAND CRUISER 56.77 covers al models 
TRIUMPH STAG 70:74 

TRIUMPH SPITFIRE 69.78 covers all models 
TRIUMPH GTS 62-74 tor ali models plus Vitesse 
TRIUMPH TR2, TR3, TRA 52.67 tor all models 
TRIUMPH TRS, TR6 67-76 all models inc TR250 
TRIUMPH TR] 75-77 

VALIANT 68.76 ai mals inc Scamp, Signente 

VEGA 72.73 ah 140 CID & GT 140 CIÓ models 
VEGA 74.77 covers all models 

VOLARE, PLYMOUTH 76 78 for a! models 
VOLKSWAGEN BEETLE 54:67 forall más nc KG 
VOLKSWAGEN BEETLE 65.71 a! mais nc K-G 
VOLKSWAGEN BEETLE 72.77 aii mais nc KG 
VOLKSWAGEN RABBIT, SCIROCCO 74.79 ali más c Dese! $16.95 
VOLKSWAGEN BUS 54 67 ai camper. van. transporter mals. $9.95 
VOLKSWAGEN BUS 68.78 all camper, van, transporter mals 
VOLKSWAGEN TYPE 3 62.73 lor squareback, fastback 
VOLKSWAGEN 411 68 72 covers all E. L LE mals 
VOLKSWAGEN 412 71 73 covers all models 
VOLKSWAGEN DASHER 74.78 covers al models 

VOLVO P1800 60 73 a! models c E & ES 

VOLVO 122 61.70 for al! mode's mc GT 


1738 
0926 
0886 


7132 
0754 
0647 
8524 
0687 
1200 
1016 
0927 
1015 
8693 
8192 
0567 
ossa 
9404 
1227 
8456 
7201 
6010 
1547 
7130 
3582 
3635 
9778 
STR 
9444 

722 


1756 VOLVO 142, 144, 148 66 74 fora models nc $E 
3558 VOLVO 164 6 7t 19r at mode in uel jection 
3729 VOLVO 242, 244, 248 75 78 fora rc iem 
5311 VOLVO 262,264,265 75.78 si modes ne luel necton 
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PS 50OO-MILE TEST 


FORD 
THUNDERBIRD 


3 Se EE e LS 
Even at 14,260 ft. the Thunderbird had 
some power in reserve. Mt. Evans is about. 


By ED JACOBS 


As we climbed through 14,000 feet, 
Merle Zimmer turned to me and said, 
“It’s hard to believe, but there's still 
some power left. I've never seen that 
this high." 

No, we weren't testing a new pri- 
vate aircraft. Merle is a section fore- 
man with Colorado's highway depart- 
ment, and he was driving Ford's re- 
sized, new Thunderbird—climbing the 
last couple of hundred feet to the sum- 
mit of Mt. Evans, on the highest paved 
passenger-car road in the world. And 
the Thunderbird was performing im- 
pressively, despite being tuned for 
sea-level driving. 

Td returned to the Rockies (and Mt. 
Evans, specifically) because I wanted 
to push the Thunderbird hard, and be- 
cause our LTD test last year [PS, Jan. 
"79] had convinced me that Colorado 
and Wyoming are ideal test areas. 
They offer the diverse and punishing 
extremes of road surface, altitude 
variation, and weather conditions 
that tell you a lot about a car in a hur- 
ry. Also, by retracing large sections of 
the LTD's route, I had bench marks 
against which to measure things like 
ride quality, noise levels, fuel econo- 
my, and handling. 

What I found was that the new 
Thunderbird delivers very good fuel 
economy, with sure-footed smooth- 
road handling and impressive power 
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150 ft. higher than Pikes Peak, its more 
famous cousin to the south. 


for a contemporary car. Complement- 
ing that are some interesting and use- 
ful new electronic-display innova- 
tions. On the negative side, the car 
suffers from poor rear-quarter visibil- 
ity, and poor rough-road handling. 

On last year's test of the smaller 
LTD I reached only 13,000 feet on Mt. 
Evans, because the road was closed for 
the winter. This year, Merle was my 
escort to the summit, and I had him 
drive to get his reactions. We'd hardly 
left his office in Idaho Springs (8500 
feet) when he said in amazement, 
"This car outperforms my 302 Grana- 
da that's lighter and tuned for this al- 
titude." (We didn't get much farther 
before he was equally impressed with 
the straight, sure braking that is.so 
important in the Rockies.) 


Economical 302 V8 


Where the '79 LTD averaged just 
over 15 mpg on roughly the same 
route last year, the T-Bird easily bet- 
tered 19 mpg. Although they are in 
different size classes, that's not really 
an  apples-to-oranges comparison. 
Their ratios of torque and horsepower 
to weight and frontal area aren't all 
that different. 

Best economy was 24.34 mpg on one 
westbound leg, but that was ap- 
proached several times. Since the en- 
gine never even hinted at pinging, the 
ignition timing could probably have 
been advanced considerably in order 


to get a significant economy jump. 

Much of the credit for the economy 
increase must go to Ford's new four- 
speed automatic overdrive transmis- 
sion. Even though it has a rather long- 
legged, mileage-boosting 0.67:1 
fourth-gear ratio, that doesn't seem to 
limit flexibility or performance. Our 
transmission occasionally shifted a 
little slowly and a bit harshly, but not 
to the point of being a problem. 

Our car had the 302 V8, the biggest 
engine available. It's well suited to 
the car, especially when coupled to the 
four-speed automatic. Power and ac- 
celeration are both surprisingly good. 
Our only complaint was sonie stum- 
bling when the engine was cold. 


Poor handling on bumpy roads 


The new Thunderbird does tend to 
wander a bit on the highway. It also 
rides a little harsher and is noisier 
over tar strips and road irregularities. 
That was to be expected, though, be- 
cause we ordered the stiffer, optional 
TRX handling package. 

Right after picking up the car, I no- 
ticed it displayed a fair amount of bob- 
bing and weaving when it passed over 
moderate dips in the road. We'd inad- 
vertently gotten a Ford engineering- 
department training car, and it wasn’t 
until I got off smooth, interstate-type 
highways, however, that I found out 
what was really going on. 

Hustling along a mountain road, I 
became aware that I was working 
hard to maintain speeds that the LTD 
had easily cruised at. Then I encoun- 
tered some routine bumps on a long, 
sweeping, downhill left-hander. 

Where the LTD had swept neatly 
over them the year before, the Thun- 
derbird suddenly tried to swap ends. I 
corrected quickly and, fortunately, 
caught the slide. That's the kind of 
correction I make dozens of times each 
month in our track testing, so I'm used 
to it. But there was a 1000-foot drop- 
off on the other side, and the average 
driver might not have fared as well. 

The soft front suspension had 
"mushed in," while the much-stiffer 
rear had begun to dance. The condition 
recurred numerous times after that, and 
proved to be surface-related rather 
than speed-related. It was kicked off 
by a particular (but varying) frequen- 
cy and amplitude of bumps, some- 
times as slow as 15 mph on dirt and 40 
mph on pavement—in places where 
you'd normally drive at those speeds. 

Subsequent checks revealed that a 
Ford parking-lot error had netted us 
the wrong car. (That couldn't happen 
to you.) Ford said it had the wrong 
springs and shocks (which could hap- 
pen—with any manufacturer), and 
felt that had caused the handling dif- 

Continued 


Warning: The Surgeon General Has Determined i > " 
That Cigarette Smoking Is Dangerous to Your Health 


FILTER 100's: 10 mg. "tar", 0.8 mg. nicotine, FILTER, MENTHOL 
TI mg. "tar", 0.8 mg. nicotine, av. per cigarette, FTC Report MAY ‘78. 


e Vantage Point 


Where great taste and 
low tar meet. 


Great taste once belonged 
only to high tar cigarettes. Not 
any more. The secret? The 
specially designed Vantage filter 
works together with our rich 
‘Flavor Impact'* tobacco blend 
to deliver satisfying flavor in 
every puff. That's Vantage. Low 
tar with a uniquely satisfying 
taste. And that's the point. 


THE FUN MACHINES = aa 


. that work, too! 
17) ficulties on bumpy road surfaces. 
À LI FUN TO BUILD! When the necessary changes were 
aS e FUN TO RIDE! =i made, the ride and handling were im- 
These rugged off road vehicles bj proved, but not greatly. The easy 
= powored. aig he 16 he A front-end bottoming was gone, but 
Engine is mage engl os there was still a lot of pitching. The T- 
Sem), SAREE CES Bird still skittered over bumpy sec- 
erything together 7 [| tions, and rode too hard. 
: and start riding. " 
6 BIKE Kit priced rom. MODELS Interior problems 

MODELS For a FREE color SUPER TRYKE The high driving position offers a 
brochure with complete details, write today to: commanding view of the road, but 
Carl decr ng Ds t. PS-81 P.O. Box 1148, Benton Hater H wide rear villas block vision to both 
From the! C E corners. They make risky business of 
crossing angled intersections and 

backing out of angled parking. 

While the seats are plush and rea- 
sonably comfortable for short periods, 
they're lacking in lumbar support. If 
you do a lot of distance driving, inves- 
tigate the optional Recaro seats. 

Ford's new digital speedometer is a 
significant improvement in instru- 
mentation. The big, bright numerals 
are extremely easy to read at a glance, 
and aren't distracting at night. The 
vacuum-fluorescent graphic fuel 
gauge is also very nice, although ours 
didn’t always return to the proper 
reading after hilly sections. 

Unfortunately, in daylight driving, 
reflections on the instrument panel 
made even the brilliant displays hard 
to see. Also, I couldn’t see the LOW 
FUEL light even when I knew it was 
on. At night, the large high-beam in- 
dicator light was completely obscured 
by the steering wheel. 

It was also surprising to find that 
the defroster wasn’t particularly ef- 
fective, especially at the top center of 
the windshield. The powerful-sound- 
ing fan moves relatively little air, ei- 
ther for defrost or ventilation. 

On the plus side, the back seat is 
. roomy and comfortable—four inches 

Sometimes Pays more knee room. Trunk capacity is 
. also very good, and the space is quite 
To Have Nosey Friends usable. There’s a deep well in the cen- 
ter, where grocery bags, suitcases, 
and large parcels will fit vertically. 
Overall, I have very mixed feelings 


. friends that give you a firm grip on fine work in 
tight places. That make it easy to reach the hard to 3 
reach. Long nose pliers by CHANNELLOCK. Slender, about the new Thunderbird, regard- 
perfectly mated jaws with no side wobble. Sharp, less of all of the problems caused by 
hand honed cutters. Beautiful high polished finish. the incorrect components. in the 
Blue dipped plastic comfort grips. Quality in every suspension. The concept of a smaller, 


detail (at no premium in price). CHANNELLOCK. 


Be sure that name is on the pliers YOU buy. roomier, more fuel-efficient car is, of 


course, faultless. But transferring 
that concept to metal, glass, and fabric 


has left a number of areas seemingly 

overlooked. Great potential does ex- 

ist, however, and I’m certain Ford is 
CHANNELLOCKUNG, s; MOKHIN, Pensions 16828. working hard to develop it. In the 
Meet The Rest Of The Family. Send For Free Catalog. meantime, though, the new Thunder- 
bird isn't as plush, stylish, comfort- 
able, or quiet as it once was. Though 
it's no longer a class leader, it's still a 
nice car. 


52 | POPULAR SCIENCE 


Curved-key lock 
is pickproof 


Small, round unlocking elements inside 
the Norman cylinder (above) must be 
aligned simultaneously before it will turn. 
The unique, curved key can only be ob- 
tained from the factory. 


It looked simple, but a group of pro- 
fessional locksmiths were unable to 
pick their way into a small compart- 
ment that held $1000 in prize money 
for anyone who could succeed. 

The thing that stymied them was a 
unique lock cylinder that has a curved 
keyhole, with computer-designed 
keys available only from the factory. 
An extra push is required to insert 
the key completely and simultaneous- 
ly align the unlocking elements— 
balls instead of pins. This foils pick- 
locks, who work by aligning elements 
one at a time. 

The designer of the Norman High 
Security Lock Cylinder, Norman Ep- 
stein, is an escape artist who says he 
can pick most locks—but not his own. 
The cylinders will be sold (for about 
$35) for rim or mortise locks. Maker: 
Pragmatic Mfg. Corp., Rte. 301, Car- 
mel, N.Y. 10512.—Sandi Doughton 
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Magnetically 


attachable 

Chimgard 

thermometer 

shows wood- 

stove operating co 
conditions when t rane pore 
used on your DS 
stovepipe. It is also 

a handy stovetop cooking aid. 
Available for $9.95 at many dealers. 


CONDAR CO. Box 6P Hiram, OH 44234 


ON YOUR NEXT 
VACATION TAKE ALONG 
SOME GOOD BOOKS. 


The North Carolina Travel Package. It’s full of hard facts, not soft soap. 
Facts about where to go, where to stay, and what to see in North Carolina. 

Just send the coupon, for your free Travel Package. Then come, and bring 
it with you, And you'll never have to worry about finding something to do. 


Name Address | 


[77 p Zip 


North Carolina Travel Package 


North Carolina Travel, Department 377, Raleigh, North Carolina 27699. 


Save 
energy 


with ordinary 
roller shades 


By PAUL BOLON 


Simple roller shades may be the easi- 
est and most cost-effective way to 
reduce your winter fuel bill. David 
Buchanan and Maureen Grasso, 
researchers at Cornell University, 
found that ordinary shades cut win- 
dow heat loss by a surprising 30 per- 
cent. Shades with an aluminized sur- 
face that reflects radiant heat back 
inside the house conserve 45 percent 
of the normal heat loss. 

There is only one secret to getting 
this kind of performance from shades: 
They have to fit snugly in the window. 
Shades must be mounted inside the 
window frame and hang an inch or 
less out from the bottom sash, with 
only %-in. clearance on each side. 
When unrolled, they must touch the 
sill and leave less than an inch gap 
above the roller. A shade installed 
more than an inch from a window or 
that does not close the air gaps is dra- 
matically less effective. 

Buchanan and Grasso achieved 
their results testing off-the-shelf, vi- 
nyl-coated products. They made their 
own reflective shades by adding Du 
Ponts Mylar film to a regular 
shade. 

How important are windows in con- 
serving heat? And how do shades com- 
pare in cost and savings with other 
heat-saving solutions for windows? In 
a house with 5% in. of fiberglass insu- 
lation in the ceiling and 3% in. in the 
walls, about 25 percent of the total 
heat loss is through the windows. 
Only attics and ceilings lose more. 
Glass is such a good conductor of heat 
that even small windows create 
strong convection currents when it’s 
cold outside. These air currents in- 
crease the chilling effect of glass by 
bringing more air into contact with 
the window and circulating the cold 
air throughout the room. Close-fitting 
shades isolate this circulation from 
the room and minimize the volume of 
air that the window cools. 

To test the effect of completely 
blocking the windows (for best possi- 
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ble heat savings), Buchanan and 
Grasso added simple wood channels 
on the sides and sealed the air flow 
above the roller with denim. This ar- 
rangement increased the heat savings 
with regular shades to 40 percent and 
with Mylar shades to 55 percent— 
which about equals the performance 
of storm windows. Using channels 
also counteracts the tendency of shade 
edges to curl. 


Compare the alternatives 


€ Storm windows reduce heat loss 
through windows by about half. They 
are a long-lasting investment and are 
relatively expensive. Their payback 
period in fuel savings will be at least 
three years—more likely four or five. 

€ Fabric does a wonderful job of 
keeping your body warm, but when 
used for curtains it does almost noth- 
ing to insulate windows. If curtains 
are lined with a vinyl or other imper- 
meable liner, they partially reduce 
the flow of air. But conventional in- 
stallations do not effectively seal air 
flow around a cold window. 

€ Venetian blinds also have little 
value as a barrier to the cold. 

€ PS reported on insulating shades 
Jan. and Oct. '79] that have several 
layers of film and Mylar running in 
channels two to four inches wide in 
the window frame. These may require 
considerable modification of the win- 
dow frame to install, and they are rel- 
atively expensive. Also, they are best 
suited for large areas of glass, such as 
picture windows and sliding patio 
doors, which are commonly of single- 
pane construction. 

Roller shades are cheap ($6-$10), 
install easily, and have a payback 
period of one or two years, even with- 
out channels. They are ideal for cut- 
ting heat loss in little-used rooms. 
Drawbacks are the occasionally balky 
roller springs in older shades and the 
need to adjust shades manually. If you 
have shades already mounted on the 
window casing, it's easy to cut them 
down yourself to fit the inside dimen- 
sion. 
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How to construct side tracks 


To make side tracks or channels for a 
shade, first examine your windows. If the 
window stop, or guide, is less than an inch 
wide, simply add a small piece of wood— 
about % by % in. will do—and use the stop 
as one of the tracks. Leave about She in. 
between the stop and the wood for the 
shade to run in. If the stop is wider than 
one inch, you can mount the shade brack- 
ets on it and use two small pieces of 
wood, or a single piece of wood with a 
groove, for the channels, as shown in the 
figure. You can also replace the stop with 
a track arrangement. The track should 
extend from two inches below the roller to 
the sill. The top seal is tacked or stapled 
above the roller, and can be almost any 
flexible material: extra shade stock, plas- 
tic, or heavy cloth. It must be heavy 
enough not to be affected by rolling the 
shade. The shade may be closer than an 
inch from the window—just so it doesn't 
touch the glass. Measure for shades after 
you've made the channels, making certain 
to leave %-in. clearance on both sides. For 
a perfectly fitted shade, screw in the first 
bracket, unroll the shade in the window, 
then mark the placement for the second 
bracket, and screw it in. 


Shades will save about the same 
percentage of heat loss if you already 
have storm windows, but they will be 
less cost-effective because the storm 
windows will have already halved the 
loss. If, for instance, storm windows 
and tracked Mylar shades are both in- 
stalled, 75 percent of the heat lost 
through single-pane windows will be 
saved. 

During the day, you can gain heat 
by raising the shades in sunny win- 
dows. And if you air-condition your 
home, opaque white shades will save 
more on your energy bills in summer 
than in winter. 


Build your own microcomputer 
as you learn 
computer technology at home. 


New from NRI! The Most Complete and Up-to-date Home Study Course Ever Offered 


As the microprocessor revolutionizes 
the computer world and microcomputers 
appear almost everywhere, NRI brings you 
a new, convenient, and effective way to 
keep up with this expanding technology. 
It's NRI's Computer Technology Course, 
created and designed exclusively 
for learning at home in your 
spare time. 

Featuring NRI's 

Exclusive Dual 

Language 
Microcomputer 

NRI goes beyond book 
learning to give you practical, 
"hands-on" experience in de- 
signing circuitry, interfacing 
components, programming, 
and troubleshooting. As you 
learn, you actually assemble 
NRI's designed-for-learning 
microcomputer, incorporating the 
latest advances in the state of the 


art. It looks and operates like the finest of 
its kind, actually does more than many 
commercial units. But NRI engineers have 
designed components and planned assembly 
so it demonstrates important principles, 
gives you working experience in detecting 
and correcting problems. And it's yours 


to keep, put to work in your own home 
or business. 

You also build and keep your own test 
instruments, including a transistorized volt- 
ohm meter and CMOS digital frequency 
counter. And NRI's Discovery Lab? broadens 
your horizons with specialized experiments 
and theory demonstrations. 

No Experience Needed 

You don't need prior training in elec- 
tronics or computers to take this exciting 
new course. NRI starts you with the basics, 
gives you a firm foundation to build on. And 
your NRI instructor/counselor is always 
available, ready to help whenever you 
have questions or need advice. 

Proven Way to Learn at Home 

No need to worry with travel, classes, 
or time lost from work when you learn the 
NRI way. As we have for over 65 years of 
teaching technical subjects to more than a 
million students, NRI brings the material to 
you. You study in your spare time, at your 
convenience, using “bite-size” lessons that 
program material into logical segments for 


easier assimilation. You get practical experi- 
ence that reinforces theory by performing 
experiments and building equipment using 
kits that we supply. 

Send for Free Catalog... 

No Salesman Will Call 

Get the details on these exciting 
new courses in NRI's free, 100-page cata- 
log. Shows all kits and equipment, lesson 
outlines, and full information, including 
facts on other electronics courses. Mail the 
postage-paid card today and we'll rush your 
catalog. No salesman will ever call. Keep 
up with the latest technology as you learn 
on your own computer. If card has been 
removed, write to: 


NRI Schools 
McGraw-Hill Continuing 
el Me Education Center 
e 3939 Wisconsin Avenue 
KERIM Washingon, Dc. 2006 


RECREATION ROUNDUP 


By HERBERT SHULDINER 


Snowmobile mecca 


For the past 15 winters, I’ve traveled all 
over the North American snowbelt on 
snowmobile trips. I've driven the perky lit- 
tle ski-scooters in the high Rockies, the 
level forests of the upper Midwest, and 
the scenic hills of New England and Que- 
bec. In the process, l've become ac- 
quainted with many of the “snowmobile 
capitals of the world": Rhinelander, Wis.; 
Brainerd, Minn.; West Yellowstone, 
Mont.; and numerous other small towns 
where snowmobiling is a consuming pas- 
sion. 

Surprisingly, though, | had never been 
to Old Forge, N.Y., in the Adirondacks, 
even though it's only about a five-hour 
drive from my home north of New York 
City. | decided to remedy this late last 
winter and packed my family and duffel 
bags full of warm clothing into a Ford van 
to head for this snowmobilers' magnet. 

Even though there was barely any snow 
alongside the New York Thruway, which 
takes you within an hour of Old Forge, 
there was plenty of the white stuff in the 
Adirondack town. Even more important, 
there was still plenty of snow on the trails 
that radiate all through the area. That re- 
port came from Doug Bennett, owner of 
the Big Moose Inn, where my family and I 
stayed. 

Bennett specializes in accommodating 
snowmobilers every winter, often acting 
as tour guide to groups of guests who 
want to do more than routine trail riding. 
Some trips have been to places as distant 
as Lake Placid, about 100 miles away. You 
can actually snowmobile all the way to 
Canada from Old Forge by tying into other 
trail networks. 


500 miles of trails 


My trip started about midday Saturday 
with Bennett leading the way. Besides the 
five in my family, there was Bruce Nash, 
owner of the local Ski-Doo dealership, 
who provided the snowmobiles for our 
group, and Dick La Beau, a district manag- 
er for the Ski-Doo distributor in New York. 

Getting onto the Old Forge trail network 
is easy. There are numerous entrances 
leading from many hotels, winter camp- 
grounds, restaurants, and other popular 
spots in town. We started out from right in 
back of Bruce Nash's showroom, hooking 
up with an incredible array of marked 
trails—about 500 miles of them mapped 
and maintained by the Town of Webb, 
N.Y., which encompasses Old Forge and 
five other hamlets (Eagle Bay, Beaver Riv- 
er, Stillwater, Big Moose, and Thenda- 
ra). 
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Virtually all of the trails are on private 
lands and snowmobile clubs in the area 
pay to obtain rights of way from the indi- 
viduals and companies who own them. 
The trails are carefully laid out for two- 
way traffic and are exceptionally well 
marked. There are heated restrooms at 
frequent intervals, and the routes pass 
many good eating places where you can 
warm up and rest. 

The traffic was fairly light on this day, 
probably because it was late in the season 
and the trails were not in prime condi- 
tion. 

That wasn't the fault of the town, how- 
ever, but of the fairly warm (mid to high 
20's) temperature. When the snow soft- 
ens, trails tend to develop more moguls 
than usual. Even frequent grooming can't 
keep trail surfaces from developing a 
washboard look—and feel. 


3000 machines in a weekend 


Early in our ride, we encountered one of 
three machines the town uses to groom 
the trails. It was operated by Frank de 
Camp, one of six who man the machines 
on two shifts during weekends. De Camp 
was running a $37,000 Bombardier Ski- 
Dozer 252, but took a break to fill me in on 
the trail-grooming program. 

“We go where the traffic is," de Camp 
told me. “Trail 5, one of our busiest, gets 
hit three times a day. Other busy trails are 
groomed once a day, and all of the 300 
miles we maintain are tackled at least ev- 
ery other day.” 

Why did they need so much attention, | 
wondered. The amazing number of snow- 
mobiles on the trails is the reason, de 
Camp says. “I've spotted as many as 350 
snowmobiles in a half hour,” he says. 
“And about 3000 snowmobiles use the 
Old Forge trails in a good weekend.” 

Snowmobilers come from all over the 
northeastern U.S. and southern Canada to 
use the trail network. Sometimes a half- 
dozen clubs will descend on Old Forge for 
a weekend, coming from Ohio, Pennsyl- 
vania, New England, and Quebec. Virtual- 
ly all visitors trailer their own snowmo- 
biles. There aren't too many rental ma- 
chines available, but there are plenty of 
guides who will take groups out for trips. 
Some guides charge only $30 per day. 


12,000 permits every year 


The Town of Webb sells about 12,000 trail 
permits a year for $15 each. (Not having a 
permit can result in a $25 fine.) This goes 
to pay for trail grooming and for acquiring 
rights of way and the printing of maps, 
which are extremely well done. 


On weekends, there are two patrol sleds 
on the trails, manned by local police who 
check on registrations. "As long as your 
snowmobile is registered someplace, 
you're welcome here," says Bennett. Of 
course, you also need the special town 
Sticker which the police also check for. In 
addition, a game warden patrols the 
trails. 

Neither the police nor the game warden 
has very much to do, Bennett claims. The 
coy dogs (a cross between a coyote and a 
dog) in the area are about the only things 
that bother deer in winter. There have 
been a few cases of snowmobilers chas- 
ing wildlife in recent years, but they are 
infrequent occurrences, Bennett claims. 
And there aren't many cabin break-ins, ei- 
ther. Snowmobiles can reach remote cot- 
tages and cabins, but few use the ma- 
chines for this purpose, Bennett says. 
"We do have a snowmobile stolen once in 
a while," he told me. This is a growing 
problem in all snowmobile areas. 

After a ride that lasted most of the 
day, we emerged from the trails at the lo- 
cal airport. Not surprisingly, it gets taken 
over by snowmobilers during the winter. 
And it is a fairly wild drag strip. The long 
runway allows drivers of hot snowmo- 
biles to speed at full throttle, something 
that's almost impossible to do on the 
twisting trails. The strip keeps hot rodders 
off the regular roads where they might at- 
tempt to hold impromptu races. 

It seems to me that this town, with only 
about 2000 year-round residents, has real- 
ly put it all together for snowmobilers. It's 
been a profitable thing for owners of re- 
sorts and other tourist attractions, too. 
Bennett says most resorts couldn't exist 
without the revenue snowmobilers bring 
in, despite the fact that Old Forge is a pop- 
ular summer vacation area, drawing over 
25,000 warm-weather visitors. 


Snowstorms don't stop traffic 


During the last 10 winters, average annual 
snowfall in Old Forge has been 280 
inches, and temperatures often plunge to 
-40°. Does this make it tough to get in and 
out of town? Roads are constantly 
plowed, Bennett says, and it's a very rare 
occurrence when guests aren't able to de- 
part on schedule. 

1 was also quite impressed with the way 
the town has solved most of the problems 
snowmobiling has caused in other places. 
Attracting machines to an area that's pre- 
pared to handle them is a big help. With 
trails created on private lands, snowmo- 
bilers aren't tempted to take their ma- 
chines into the nearby Adirondack Park, 
where they're banned. This prevents any 
potential damage to park lands or wildlife. 
Most snowmobilers, however, dispute al- 
legations that snowmobilers' use of the 
park would damage either wooded areas 
or wildlife. Having the alternate area, 
though, makes the argument academic. 
The only penalty to snowmobilers is that 
they have to pay for land use now. Being 
able to use park lands would save a lot of 
money. 

if you'd like to visit Old Forge, you can 
get additional information from the Tour- 
ist Information Center, Old Forge, N.Y. 
13420. [Gi 
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DETROIT REPORT 


By JIM DUNNE 


PROCO report 


Ford's programmed-combustion engine, 
now in development and set for 1983 in- 
troduction, requires such precise con- 
struction that one insider says, “We don't 
know if we can build it." A PROCO-pow- 
ered fleet is now in operation as a final test 
of durability and reliability, but noise and 
vibration are still problems. That's be- 
cause PROCO (called the gasoline diesel) 
has a rather high compression ratio for a 
gasoline engine, and the increased com- 
bustion pressures are heard and felt in- 
side the car. The engine uses two special 
spark plugs per cylinder to promote com- 
plete combustion. Says one Ford man, "It 
looks odd with all the spark-plug wires 
hanging out, but it may be the savior of 
our V8-engine lines." Only Ford is so opti- 
mistic about the V8's future. 


Ford's diesel 


Despite reports from Ford brass that the 
company is depending on its PROCO en- 
gine exclusively, a diesel engine is now in 
the running for its big-car power plant of 
the future. Last summer, Ford hired Cum- 
mins to design a six-cylinder, 3.2-liter 
(195-cu.-in.) diesel. At first, Ford execu- 
tives claimed that the Cummins deal was 
a backup to PROCO, that the engine would 
not be produced unless PROCO struck 
out. However, Ford has changed its mind, 
prodded by GM's success with the Olds- 
mobile diesel. The Ford diesel will go into 
production just as soon as it's ready— 
which could be within two years. Cum- 
mins is designing the comparatively small 
diesel with a turbocharger to boost pow- 
er, making it suitable for all Ford models 
bigger than the Pinto/Bobcat, which is due 
for replacement in 1981. 


Chrysler's diesel 


Chrysler, too, has a diesel—a revised ver- 
sion of the 225-cu.-in. Slant Six. There are 
two versions on the shelf, waiting for the 
money to put them into production. One 
is a normally aspirated engine, the other 
turbocharged. The basic design has pre- 
chambers and uses a beefed-up gasoline- 
engine block. Horsepower is very close to 
that of the gasoline six—95 vs. 100—but 
fuel economy is 25—30 percent better, ac- 
cording to Chrysler reports. The turbo- 
charged version puts out 135 horsepower, 
yet delivers an average city/highway 21 
mpg in a full-size St. Regis. Chrysler will 
first concentrate on producing its 2.2-liter, 
four-cylinder gasoline engine for the new 
line of compact cars due next year, then 
turn its attention to the diesel. 
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Chrysler's K-car 


The front-drive replacements for Volare 
and Aspen are set for introduction next 
fall as 1981 models. They will be built in 
two- and four-door notchback and station- 
wagon models. Insiders say they resem- 
blethe new Buick Skylark most of all. They 
also point out that the use of a notchback 
body in the sedans will help separate the 
new cars from the Omni/Horizon. The 
wheelbase of the new compacts will be 
100 inches, versus 1127 for the current 
Aspen/Volare—within an inch of the Omni/ 
Horizon. Look for the new models to have 
a much bigger body and wider track, to 
help distinguish them from subcom- 
pacts. 


High-performance Chrysler 


A special, high-performance version of 
the 2.2-liter, four-cylinder engine Chrysler 
is preparing for its 1981 small cars will be 
offered in two-door models. The revised 
engine is being developed in Italy by de 
Tomaso, and uses a turbocharger. This 
engine will be offered iri both the new 
compacts and in a supersport version of 
the Horizon TC3 and Omni 024. 


Future electric vehicles 


Look for electric power to be used first in 
vans and delivery vehicles, despite Gener- 
al Motors president E. M. Estes's recent 
statement that no decision has yet been 
made. The inside word, from both GM 
and Ford, is that the van—not the com- 
muter car—will be the first choice for elec- 
tric power. There are several reasons: The 
batteries can be carried and maintained 
more easily; delivery vans spend much of 
their time at idle; recharging time can eas- 
ily be scheduled overnight; the low 
speeds and short city routes are ideal for 
the types of electric power plants now be- 
ing developed. Commuter cars have dis- 
advantages, including long trips and/or 
high speeds, when power would quickly 
be drained from batteries. 


Another small pickup 


Volkswagen's compact pickup is already 
on the road, but GM is not far behind. An 
American version of the Japanese-built 
LUV half-ton pickup is in development, 
and should make its debut before the end 
of 1980. The new Chevy will be slightly 
bigger than the LUV. It will feature softer 
styling and a Styleside-like cargo box, and 
will have the proportions of a Japanese 
import. Chevy plans to use GM's own 
four-cylinder engines and transmissions 


for the new pickup. Prototype vehicles 
have been seen undergoing pre-produc- 
tion testing. 


Japan going front drive 


Look for the Japanese to quickly change 
their high-volume small cars over to front- 
wheel drive. The success of General Mo- 
tors' X-cars, and the superiority of the 
Volkswagen Rabbit and Chrysler's Omni/ 
Horizon have not escaped the Japanese 
producers. Even though some have al- 
ready changed, the Japanese lag behind 
most European and some American pro- 
ducers. Toyota, Datsun, and Mazda will 
move quickly to bring out new lines of 
front-drive cars in the next two years. By 
that time, GM, Ford, and Chrysler will all 
have new front-drive small cars of their 
own. Eventually the changeover will 
stretch virtually across the entire small- 
car spectrum; the packaging benefits are 
too great to ignore. 


Chrysler will still buy from VW 


When the current agreement to buy 1.7- 
liter VW engines runs out at the end of 
1980, Chrysler will renew its contract with 
the German auto maker, but on a different 
basis. Instead of buying 300,000 1.7-liter 
gasoline engines per year, Chrysler will 
use its new-for-1981, 2.2-liter four, and 
ask VW to supply diesel and turbocharged 
engines. Eventually, Chrysler plans to 
build all its own engines. For now, 
though, the additional supply from VW 
will fill special engine needs. 


Chrysler's explanation 


Chrysler says its financial troubles are 
caused, in part, by safety and emissions 
laws that penalize it more than GM or 
Ford. It costs Chrysler "almost twice as 
much as it will cost GM" to meet these 
regulations on an individual, car-for-car 
basis, according to a Chrysler report. 
Since all companies have to develop en- 
gines and exhaust systems to meet the 
same regulations, GM's higher sales vol- 
ume cuts its cost per car substantially. The 
Chrysler line does make sense—until you 
compare costs for foreign car makers. 
Their volume is tiny in comparison to 
Chrysler's, yet they continue to operate at 
a profit. 


GM's two-seat commuter cars 


GM has two prototypes for two-seater 
economy cars running around its Milford, 
Mich., proving grounds. One is a short- 
ened Plymouth Horizon with two bucket 
seats, plus a large storage area replacing 
the rear seats. Except for the shortened 
profile, some fender bulges, and a Chevy 
"bow tie" emblem on the grille, its ap- 
pearance is little different from the pro- 
duction Horizon used as a base. The sec- 
ond car is quite different in appearance. 
Its front end looks like a Monza, while the 
rear is like a Chevette. A large hatch win- 
dow wraps up into the roof at the rear. 
Both cars are prototypes for GM's econo- 
my commuter cars of the 1980's, but don't 
look for their public unveiling until 1982, 
at the earliest. Gs) 


People write to 


Have a question about motor oil? Lubricants? Engines? Ask the Pennzoil experts... 


Change You Must. I have an inboard 
engine boat that is used very in- 
frequently. I use a 30-weight motor oil 
in this boat engine, and change the oil 
and oil filter every year. Is this really 
necessary since the oil is never dirty 
when I do change it? Does the oil lose 
any of its protective properties over the 
course of a year? 

D.A.C., Atlanta, Georgia 


Although you do not put many hours of 
operation on your boat engine, we still 
recommend that you change the oil and 
filter every year. Oil which sits for a 
long period of time in an engine may be 
subject to deterioration from moisture 
in the atmosphere. Oil loses its protec- 
tive properties from the contamination 
of the fuel being burned by the engine. 
Contaminants such as soot, acid, wa- 
ter, varnish and dirt are held in suspen- 
sion by engine oil additives. Eventually 
these materials will cause the oil to lose 
its lubricating properties. It is for your 
own safety and protection that you 
should continue your present practice 
of annual oil changes. 


tomobile constantly whistles upon 
start-up and idling. The noise leaves 
when speed is accelerating. My me- 
chanic has lubed the fan and power 
steering belts, but that has not helped. 
What would you suggest? 

C.R.M., Lyndhurst, Ohio 


Since the noise does not appear to be 
coming from any of the belts on the car, 
we suggest you check the exhaust sys- 
tem. Any area of the exhaust which is 
not properly sealed may make a whis- 
tling noise. The noise you described may 
be coming from your car's exhaust 
manifold. You should have all the con- 
nections from the header pipe back to 
the tail pipe checked. If the exhaust 


system is not the problem, have your 
alternator checked. A bad bearing in 
the alternator could also be the cause 
of engine noise. 


Cold Shift. During the cold weather I 
have been experiencing shifting prob- 
lems in my '74 wagon. Once the car 
warms up, the shifting is easier. Any 
suggestions for easier shifting? 
R.L.W., Canton, Ohio 


It is not unusual for hard shifting to 
occur in an automobile in cold weather. 
The problem you have encountered may 
not be abnormal. We would suggest, 
however, that you change the transmis- 
sion and differential fluids. We recom- 
mend Pennzoil 4096 80W-90 Gear Lu- 
bricant for both applications. It's possi- 
ble that your present gear oil is too 
heavy or contains dirt which would con- 
tribute to your shifting problems. 


Keep The Lead In! I have been using 
premium leaded gasoline in my 1968 
Oldsmobile. What adjustments would 
have to be made in order to use un- 
leaded fuel in this car? 


R.G., Rockford, Illinois 


You will have to continue using leaded 
gasoline for the life of your 1968 Olds- 
mobile unless you have the valve train 
completely overhauled and new heads 
and valves installed. Older engines re- 
quire lead to help protect the valve 
seats. Therefore, if you don't overhaul 
your valve system, the use of unleaded 
fuel might very well ruin your valves. 


Take A Brake. I've recently been ad- 
vised that a car with high mileage 
should have its brake fluid changed. 
My car has 74,000 miles on it, and I 
have never changed the brake fluid. 
What would you recommend? 

P.J., San Antonio, TX 


Condensation and rust do develop in 


the brake cylinders. Brake fluid even- 
tually becomes contaminated with 
moisture; therefore it should eventually 
be changed. A safe practice to follow is 
to install new brake cylinders and 
change brake fluid when brake linings 
are replaced. Remember that brake 
cylinders should be completely honed 
out to remove rust when new brake lin- 
ings are installed. 


Carbon Complaint. What could cause 
excess carbon to build up on my air fil- 
ter? I had my carburetor tuned up, but 
one week later the filter was clogged up 
again. When I start my car in the morn- 
ing, carbon comes out of my exhaust 
pipe. What do you suggest? 

C.T., Staten Island, N.Y. 


Excessive carbon deposits are usually 
the result of improper air-fuel mixture. 
Since you are getting excess carbon 
build-up on the air filter, it appears that 
there is some blockage in the crankcase 
ventilation system. You should have all 
your hoses checked to make sure they 
are not plugged and be sure the PCV 
valve is not sticking. Also check the 
choke for proper operation, especially 
while the engine is cold. If the car is 
backfiring, this would indicate im- 
proper timing which would also provide 
excess deposits on the air filter. 


WE'RE OPEN TO QUESTIONS about 
motor oils, lubricants, engines. But, 
you can tell us a few things, too. Maybe 
you have discovered something in- 
teresting about motor oils or lubricants. 
Or you have a special reason for being a 
Pennzoil fan. We would like to hear 
from you. Write to: Pennzoil Com- 
pany, Research Department, P. O. Box 
808, Oil City, Pennsylvania 16301. 
Note: sorry no pictures or material can 
be returned. Letters chosen for publica- 
tion are subject to revision necessary 
for publication requirements. 
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Railroad safety 


— tough new tests 
help prevent disasters 


Research is reducing the 
risks of transporting 
hazardous material by rail 


By WILLIAM H. McKENZIE 


On a barren plain near Pueblo, Colo., 
there’s a strange 75-car train that 
runs throughout the night but goes 
nowhere. Hopper cars creak with 
heavy rock loads; water sloshes in 
metal tank cars as the train maneu- 
vers around curves; truck trailers 
atop flat cars sway in the moonlight. 
Five nights each week, beneath dis- 
tant Pikes Peak, the train continuous- 
ly circles a 4.8-mile track loop. 

“It’s boring," says Ernie Register, 
former locomotive engineer for the 
train. "You think about going fishing, 
something at home—anything to occu- 
py your mind. You can't go to sleep." 
On Feb. 27, 1979, crew-member bore- 
dom was forgotten when 24 cars in 
the middle of the train derailed with 


Warped track at government test center near Pueblo, Colo., is 
designed to stress Amtrak locomotive and two cars it's pulling. 


a screeching crash on a broken rail. 

But the train and crew had done 
their job, pinpointing a weak link in 
the system, although this mishap was 
unexpected. 

The looped track is called FAST— 
the Facility for Accelerated Service 
Testing. "We see the FAST program 
as a giant wear test,” said Pete Cram- 
er, FAST operations manager. This 
one test track in less than three years 
has carried over 400 million gross 
tons—as much freight as a busy rail- 
road would have in seven to 10 years. 
FAST is part of the Department of 
Transportation's test center in Pueb- 
lo. 

Elsewhere across the sprawling 
test center are the Rail Dynamics 
Laboratory that tests train perfor- 
mance under varying conditions, sid- 
ings that contain experimental sen- 
sors to detect problems before they 
cause accidents, and other test facili- 
ties. 

The mission of the center is to try to 


reduce the growing number of train 
derailments and accidents that have 
plagued the nation's railways, and to 
minimize the impact when accidents 
do happen. 


Deadly cargo 

The need for such work is clear. The 
Federal Railroad Administration re- 
ports that there were 7858 derail- 
ments in 1977, 500 of them involving 
hazardous materials. 

In Waverly, Tenn., for example, a 
tank car carrying liquid propane gas 
exploded in 1978, destroying 14 build- 
ings, killing a dozen people, and injur- 
ing 50 others. Just two days later, an- 
other train derailed near Youngs- . 
town, Fla., and a ruptured tank car of 
chlorine spread a deadly blanket of 
yellowish-green fog over a wide area. 
Automobiles nearby stalled for lack of 
oxygen, their occupants gasping and 
spitting blood as the gas seared their 
lungs. Eight died and 67 were in- 
jured. 


Track sensors feed data into the trailer. Assembly on the loco- 
motive's nose measures wind speed and direction. 


Track movement is simulated for 89-foot 
trailer on flatcar (left) at the Transporta- 


Can the test center help reduce the 
likelihood of such accidents? One of 
the main causes of derailments, the 
experts agree, is roadbed mainte- 
nance. Of those 7858 derailments in 
1977, some 4360 of them were caused 
by maintenance problems. “The rail- 
road system does not generate enough 
income to sustain itself,” said Ray- 
mond James, chief counsel for the 
FRA Safety Office. “What gives first 
is maintenance—and it’s getting 
worse.” 

Work at the Transportation Test 
Center (TTC) in Colorado can’t con- 
tribute directly to railroad income for 
track maintenance, of course, but the 
application of technology can mini- 
mize the impact of reduced mainte- 
nance. For example, TTC tests estab- 
lished that premium rails—specially 
heat-treated or made with chrome or 
molybdenum alloys—were cost-effec- 
tive on track curves because they last 
longer. 

Also, all the various types of wooden 
and concrete ties tested proved dura- 
ble. Only steel ties failed, developing 
fatigue cracks under the rail base af- 
ter 26 million gross tons of use. Other 
experiments have improved the fas- 
tener systems for joining rails to ties, 
rubber tie pads, tie plates, concrete tie 
anchors, and more. 


Rock and roll 

TTC’s $19 million Rail Dynamics 
Laboratory may become as important 
to train technology as the wind tunnel 
is to aircraft. “We’re breaking new 
ground in test equipment,” said Jim 
Densford, project manager, test de- 
sign and analysis, who explained that 
the lab has one-of-a-kind machines. 

A Roll Dynamics Unit simulates 
rail motion for freight or passenger 
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tion Test Center lab. The setup recreates 
track movement by rolling cars in place. 


cars and locomotives. Vehicle wheels 
rest on spinning rollers to simulate 
near-perfect track and speeds up to 
144 mph. This machine evaluates 
wheel performance in acceleration, 
adhesion, and braking. The Vibration 
Test Unit applies vertical and lateral 
vibrations to vehicle wheels. It simu- 
lates imperfect track, and enables re- 
searchers to study suspensions, ride 
comfort, and the reasons why vehicles 
tend to roll and rock. When I visited 
the dynamics lab, engineers were cor- 
recting operating problems with these 
unique new test machines. But on a 
track siding not far away, a battery of 
sensors was working perfectly. 
“Come ahead at five miles an hour,” 
said engineer Paul Mathieu into a 
walkie-talkie linked to a train crew 
and railside research van. A bright 
red Alco diesel locomotive belched 


Water cascades from 33,000-gallon tank 
car when it smashes into a standing hop- 
per car at 17 mph. Tests helped develop a 


4 i 
Strip-chart recorder at test center cap- 
tures readings on all cars tested. A sepa- 
rate computer terminal only displays data 
about wheels on defective cars. 


black smoke and began pulling four 
decrepit boxcars and a tank car for- 
ward. The car wheels, riddled with 
known defects, approached a detector 
using a series of 124 metal fingers 
near the rail. 

“The wheels play these keys like a 
piano,” Mathieu explained. Normal 
wheels strike an insulated wear plate 
on each finger and depress it. But 
wheels with a broken flange, mounted 
on a bent axle, or set out of gauge 
touch the wrong part of a metal finger, 
complete a circuit, and trigger an 
alarm. 


Cracked wheels, warped track 


Another sensor at the TTC’s Way- 
side Detection Research Facility uses 
ultrasonic signals to check wheel 
treads for cracks (see box). Only three 
of these sensors exist. “It cost 
$150,000 for this system,” Mathieu 
said. “But if it prevents one derail- 
ment, it has paid for itself.” 

Infrared sensors detect train “hot- 
boxes”—overheated journal bearings 
where the wheel joins the axle—that 

Continued 


new car coupler (inset) with elongated 
knuckles to prevent couplers from pene- 
trating gas-filled tank cars. 


Railroad safety 


[Continued] 


can break an axle and derail a train. 
Other devices are used to sense 
any dragging equipment, such as dan- 
gling brake shoes that can wedge in a 
switch and cause a derailment. 

TTC specialists sometimes deliber- 
ately misbuild a test track to detect 
problems. A quarter-mile section of its 
two-mile Train Dynamics Track was 
prepared with heavy rails and top- 
quality ties. But the rails were of un- 
even height. A track curve had a kink 
in it. Technicians also greased the 
rails. 

An Amtrak passenger locomotive 
was to travel this track nightmare. 
Sister locomotives with a similar six- 
wheel truck had been involved in sev- 
eral bad derailments, sending passen- 


gers to hospitals. The problem was to 
determine whether the truck design 
was faulty, or if poorly maintained 
tracks were responsible for the 
accidents. 

Late one winter afternoon, a silver 
locomotive with a six-wheel truck 
roared toward the warped section of 
track. The locomotive, pulling a bag- 
gage car and passenger coach, had in- 
struments and strain gauges mounted 
on its axles and wheel sets. 

A 3000-hp diesel accelerated the 
train to 55 mph—15 mph over the lim- 
it set for curves by railroads following 
the rash of derailments. But when the 
train hit the kink in the curved track, 
it rocked and wobbled, then continued 
on without mishap. 


How train-safety sensor systems work 


DIRECTION 
OF TRAVEL 


Cracked-wheel-tread detector 


y 
^ 


INFRARED SENSOR 


Hot-wheel detector 


Cracked-wheel-tread detector: By 
beaming an ultrasonic signal around the 
surface of a moving train wheel, cracks 
in the metal can be detected. An ultra- 
sonic transducer sealed in a measure- 
ment rail injects a signal that travels 
around the wheel rim as the train passes 
over the detector. A second transducer 
detects the signal. But a crack reflects 
part or all of the signal back to the first 
transducer. The strength of the reflected 
signal determines how serious the crack 


Is. 

Hotbox and hot-wheel detectors: A 
rail-mounted infrared sensor scans the 
journal box of a passing train, triggering 
an alarm if the bearing temperature 
exceeds a predetermined level. The sen- 
sor system is "smart" enough to distin- 
guish the heat radiation from journal 
bearings and the uniform distribution of 
normally hot roller bearings. Another in- 
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WHEEL POSITION WHEEL POSITION 


4) DIRECTION 
gf OF TRAVEL 


Loose-wheel, broken-flange detector 


frared sensor mounted next to the tracks 
scans diagonally across the railhead. 
Both wheels on every axle are scanned, 
and an alarm is sounded when a wheel 
temperature is too high. 

Loose-wheel and broken-flange de- 
tector: A row of 124 electromechanical 
detector fingers is next to a test rail. The 
outer flange of a normal wheel passing 
over the fingers depresses the insulated 
wear plate on the lower finger. This pre- 
vents electrical contact between the 
wheel and the fingers. But a broken 
wheel flange will not depress the bot- 
tom finger enough to prevent contact 
between the tip of the finger and the 
metal wheel. An electrical path through 
the wheel and rail actuates an alarm. 
The row of sensors can also detect im- 
Properly mounted wheels, bent axles, 
and other defects that put wheels out of 
alignment. 


Wheel-flange gap (lower left) was cut into 
car used at Transportation Test Center. 
Gap fails to depress mechanical detector 
fingers, and triggers an alarm. 


“Our preliminary conclusion is that 
there is no problem with this particu- 
lar truck,” said test manager Bob 
Moll, adding that test data wasn’t ful- 
ly analyzed. Moll said the train was 
manned at speeds up to 75 mph. “It 
gave us a rough ride, but we felt it was 
safe,” he said. 


Tougher tanks 

Beginning in 1976, technicians at 
the TTC staged tank-car collisions 
and filmed them with high-speed cam- 
eras. The tests were used to validate 
an experimental coupler designed to 
prevent couplers from disengaging 
during a collision and piercing adjoin- 
ing tank cars like a spear. Crashes 
like this can occur even in railroad 
switchyards, exploding pressurized 
liquefied gas. These new couplers are 


“now required on tank cars carrying 


hazardous materials. 

A second safety device is a 700- 
pound head shield, a metal plate at- 
tached to each end of the tank car. It 
offers further protection against cou- 
plers or other parts of colliding rail 
cars. 

Torch testing of many types of insu- 
lation is also conducted at the TTC. 
Plastic-like substances can be sprayed 
onto the metal shell like paint; insu- 
lated blankets held in place by steel 
jackets can also cover tank cars. TTC 
technicians burned liquid-propane 
tanks and found that insulation en- 
ables fuel inside a car to vent off and 
burn over a longer period, lessening 
the severity of an explosion. Pressur- 
ized tank cars must be retrofitted with 
head shields or thermal coating by 
1981. 

The test center is also working with 
manufacturers to test vehicles before 
they're manufactured. Experiments 
on new mass-transit passenger cars 
and work with linear-induction mo- 
tors is pioneering the way for safer 
and more efficient railroads in the 
21st century. Ge) 


Introducing... 


The 
Fresh-Ai 


Phenomenon 


Guaranteed to Cont 


Tested and approved by the Environmental 
n Meets all government 


Protection Agency. 
and FDA regulations. 


Now; through this exclusive scientific breakthrough, indoor air can be 
purified in exactly the same way outdoor air is purified by lightning during 


a thunderstorm. 


Think of that sweet “country fresh air” smell 
following a thunderstorm. That's actually the 
absence of odor. The electrical activity in the 
air created by lightning adds a small nega- 
tively-charged electron to each oxygen mol- 
ecule in the air. Science has long recognized 
the miracle of this phenomenon known as 
ionization. Amazingly, these ionized molecules 
combine with any odor-bearing molecules in 
the air— destroying them. 

The Environ-air unit's patented process 
electrostatically creates these same nega- 
tively-charged oxygen molecules that per- 
meate any enclosed space and attract odor 
molecules like a magnet until they're totally 
“neutralized.” 


BEFORE ENVIRON-AIRE 
There were two ways to control odors: Dilute 
—constantly recycle fresh air to dilute odor 
molecules or deodorize—constantly mask 
odor with a heavy perfumy scent. Now, with 
Environ-air, there's a third, more effective 
and highly scientific way. And that's to destroy 
all organic odor molecules electronically. 


WHAT THE ENVIRON-AIRE IS NOT 
It's not a one-shot cover-up. It doesn't mask 
odors—it destroys them electronically. And 
it kills tough odors continuously — not tem- 
porarily like sprays, wicks, stick-ons, etc. 
here are never any chemicals to buy, bulbs 
to burn out or filters to replace. The unit uses 
niy as much eiectricity as a 25-watt light 
ulb. 


WHAT IT IS 

The Environ-aire is a continuous air-cleansing 
process so unique it's patented. It uses the 
latest in space-age electronic technology to 
create the first energy and cost-efficient air 
purification system for the home. Even in a 


I CAMBRIDGE 
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/800 Waukegan Road Morton Grove. linis 60059 (312) 966-5510 
Call Toll Free 
800-621-5559 


In Minois 800-972-5858 
24 Hours A Day—7 Days A Week 


5 UNBREAKABLE PROMISES WE MAKE TO YOU 


We promise that each exciting product we introduce to you has been carefully evaluated 


and judged by an independent panel of consumers and foun 
. A genuine value at a specia! price 


. Made of only the finest quality components 
Covered by the manufacturer's own warranty plus our 
guarantee 
. Excellent enough to earn government approvals or UL lis: 
. Developed from the most advanced technology available 


r 


rol Odors. 


smoke-filled room, you will be breathing only 
clean, fresh air all day long 

FORCED AIR—THE MOST IMPORTANT 
NEW FEATURE INNOVATION 

One of the secrets of this new system is that it 
keeps the ionized air in constant motion. The 
Environ-aire is the only electronic air fresh- 
ener that continuously "pumps out" ionized 
Oxygen molecules into the air, permeating 
every square inch of space—ready to attack 
and deactivate any odor-causing molecules 
instantaneously. Keeping the ionized air cir- 
culating is such an important factor that so- 
called “space age" air fresheners without it 
are truly outdated. Without it, odor-killing 
molecules simply fall to the ground near the 
unit, rendering them useless against odors. 


A DUST-FREE ENVIRONMENT: 
AN UNEXPECTED BONUS 

The Environ-aire also de-activates dust parti- 
cles suspended in the air. The ionized oxygen 
pumped into your room will attach itself to 
any impurities in the air, causing them to fall 
to the ground. Ahhhh...what's left is pure, 
clean air. 


PROVEN EFFECTIVE IN HOSPITALS, 

FISH MARKETS, PET SHOPS & MORE 

Prior to this special introduction to con- 
sumers, hundreds of Environ-aire units were 
used by businesses with their own peculiar 
odor problems. After using it for over 8 months 
they found it to be the only answer to annoy- 
ing, persistent odors. Why? Because it out- 
performs other systems in what it does and 
how it does it 


TO USE IT IS TO LOVE IT 
You will feel the difference immediately. The 
Environ-aire will cleanse any 20 x 20 room of 
odor-causing molecules within just 5 minutes! 


r----- 


Clip and mail to: 


wn) 
listed by 


U.S. Government Patent No. 3,925,673 


Imagine how exhilarated you'll feel with a 
fresh supply of ionized oxygen surrounding 
you day and night! 


CLEAR THE AIR ONCE AND FOR ALL 

In the kitchen...bathroom... basement... 
nursery...pet areas...smoke-filled offices. 
Use it anywhere stale, musty, offensive or 
Pungent odors are a problem. The attractive 
wood-grain unit is compact — 10" x 6’ x 4” deep 
—and lightweight—only 8 pounds. It can be, 
wall mounted as an inconspicuous permanent 
fixture where annoying odors tend to ac- 
cumulate. Or, it can be moved from place to 
place as needed, taking up little space on a 
shelf or floor. And installing it is simple— just 
Plug it in. It uses regular household current. 


LET YOUR NOSE PROVE ITS 
EFFECTIVENESS IN YOUR HOME 

OR OFFICE 

The Environ-aire may sound too good to be 
true. That's why we offer a 30-day trial period 
and ask you to really give it a workout. For 
starters, simply turn the unit on, then cut up a 
big, juicy onion. No tears. No smell 


SOLIDLY BACKED 

If anything goes wrong with your unit during 
the first year Environmental Electronics Cor- 
poration will repair it—without charge 
Although the Environ-aire is built to last and 
be virtually maintenance free, it's still nice to 
know the manufacturer is service conscious. 
SPECIAL INTRODUCTORY PRICE 

The Environ-aire is manufactured for Cam- 
bridge International by EEC. We are offering 
this exciting new product directly to our cus- 
tomers exclusively through the mail for only 
$119.95 during our nationalintroduction. Order 
one at no obligation today. 


Cambridge International, Inc. Dept. P1 
8700 Waukegan Rd., Morton Grove, III. 60053 


| Peer nni me, 


shipping & handiing. fers 
| absolutely satisfied with my purchase, 1 may return it within 30 days for a 


Environ-aire unit(s) at just $119.95 each plus $6.95 
. residents add 5% tax.) | understand that if | am not 


| O Check or MO enclosed. C Charge to: C Visa O Master Charge 
C American Express 


Exp. Date. 


| 
[ 
[ 
l 
prompt and courteous refund | 
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Accounté 
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added 30-day money-back | Address. 
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$5010 Steve Poland of Richmond, Ind. for this idea, Send yours (with 
cial Security No.) to Wordless, POPULAR SCIENCE, ladison 
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INTRODUCING 1980 FORD BRONCO 


Anew advance in family 4-wheelers. 


Exciting news for 1980: Bronco introduces 
Twin-Traction Beam, the only truck in its class 
with independent front suspension. Feel the 
difference on the road. And off. 

Ford’s new design Bronco gives you the best 
estimated mpg of any V-8 4-wheeler. Trim new 
size outside for easy maneuvering. All-new 
interior with more front leg room, improved 
climate control, new anti-theft features. 

Bronco’s built tough on a truck chassis, 
tested tough at Ford’s Arizona Proving Ground. 
Test it at your Ford Dealer. Ask about Ford’s 
corrosion perforation warranty. It’s a no-cost 
36-month limited warranty that excludes 
exhaust system components. And ask about 
Ford’s Extended Service Plan, too. 


Roomy interior 

has all-new styling, 
options like tilt steering 
wheel, reclining 
Captain's Chairs up 
front, AM/FM stereo 
with cassette or 8-track 
tape player. 


BEST V-8 
ESTIMATED MPG 


New Bronco choices include six 
roof colors. Above: Landau Tu-Tone 
with accent tape stripe. At top: Free 
Wheeling Bronco shown with optional 
tri-color tape stripe, styled steel 
wheels, RWL tires, and more. 


Independent front 
suspension eases wheels over FORD 


bumps separately to give a 
better ride than last year. Helps 
off-road control. FORD DIVISION «c» 


EPA EST* 


Optional 5.0L (302 CID) 
V-8 with automatic transmission. 


*Compare this estimate with others. Your 
mileage may differ depending on speed, 
distance and weather. California excluded. 
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ro Red or 100’s— 
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Most of the automotive engineering de- 
velopments you read about in PS origi- 
nate in the research-and-development de- 
partments of the car companies and their 
suppliers. They've got the money, the 
market incentive, and the expert work 
force required for this kind of expensive 
research. But the federal government 
doesn’t agree that they can come up with 
all the answers for the kind of car we must 
have on the road before the end of this 
decade. There is a need, the reasoning 
goes, for highly innovative research that 
is notinhibited by the need to show a prof- 
it on it next year or the next. Over $20 
million of federal money has been spent 
so far with non-automotive companies to 
develop the high-technology vehicles 
shown on our cover and described in 
Group Editor Herb Shuldiner's article 
starting on page 86. Some of the most in- 
teresting and far-reaching work, Shuldin- 
er found, is happening at electronics and 
computer firms. As the cars of the future 
become more and more dependent on 
electronics (PS, Aug. '79], maybe this is an 
area in which outsiders can most usefully 
put the spur to Detroit efforts. | sat at the. 
same table at a luncheon recently with 
General Motors president E.M. Estes. | 
tuned in on the last half of his reply to a 
question about electronics in automobiles 
and heard him say with a laugh, "I'm just 
a sophisticated blacksmith; electronics is 
beyond my expertise." Although this kind 
of modesty is in the tradition of Dr. von 
Braun's oft-repeated claim that he was 
"just a plumber," my observation over 
the years is that most senior auto engi- 
neers in Detroit look on electronic solu- 
tions to automobile engineering prob- 
lems with more than a little skepticism. 


Bigger wind turbines 


A cluster of three giant wind turbines with 
an electrical output rated at 2.5 mega- 
watts each is to be erected on a site along 
the Columbia River Gorge in southern 
Washington. With — 300-foot-diameter 
blades, they will be the largest such ma- 
chines ever built. The project also will be 
the first test using a grouping of wind tur- 
bines to generate electricity for a utility 
grid. Power from the turbines will be fed 
into the Bonneville Power Administra- 
tion's electric distribution system begin- 
ning in late 1980. The turbines, designat- 
ed MOD-2, are the latest and the largest of 


a series developed by NASA [PS, Mar. 
'76]. They will be prototypes of the first 
large wind turbines designed for the com- 
mercial power-generation market. If man- 
ufactured in quantity, these machines 
would cost utilities about $2 million each, 
according to projections made for DOE by 
the Boeing Company. At that price, they 
would come close to competing with oth- 
er sources of power in some regions. 
They differ from their predecessors in sev- 
eral ways as a result of experience with 
the earlier DOE-sponsored turbines and 
design studies by the Boeing Engineering 
and Construction Company. Energy costs 
should decrease as the size of the turbine 
increases. The technical hurdle is making 
bigger and bigger blades that will with- 
stand the loads. The MOD-2 turbine's 
blade will be constructed as a single span 
with rotational speed regulated by pitch 
control of the blade tips. Previous models 
adjusted the pitch of the entire blade for 
control. The hub on which the blade is 
mounted teeters to help absorb unequal 
wind loads resulting from variations in 
wind speed as the blade sweeps through 
its 300-foot span. To avoid the vibrations 
caused by wind shadow that were experi- 
enced by earlier downwind designs, 
MOD-2 will have its single-span blade po- 
sitioned upwind of the tower. With more 
efficient operation at lower wind speeds, 
the MOD-2 will generate about twice as 
much total electrical energy in a year's op- 
eration as the earlier MOD-1 2000-kilowatt 
turbine now operating at Boone, N.C. The 
two machines weigh about the same, and 
weight is an approximate guide for rela- 
tive production costs. According to esti- 
mates, commercially manufactured 
MOD-2 turbines would generate electrici- 
ty at an approximate cost to the utility of 
less than four cents per kilowatt hour in a 
moderate wind region. DOE assumes that 
large wind turbines would be installed by 
utility companies in clusters of 25 or 
more, with a half mile separation. 


Diesel taxis get better mpg 


Diesel-powered taxis in New YorkCity got 
50 percent better mileage in a three-year 
test sponsored by the city's Transporta- 
tion Department. The study began in May 
1976, with 66 gasoline and 66 diesel-pow- 
ered 1976 Dodge Coronets, identically 
equipped except for the engines. The die- 
sels averaged 14.7 mpg, while the gaso- 


line-powered taxicabs got 9.7 mpg. The 
Transportation Department reports also 
that the diesel exhaust emissions are 
much lower than those of the gasoline en- 
gine in hydrocarbons, carbon monoxide, 
and nitrogen oxides. 


Electric car in the mid-80's? 


It accelerates with a humming low-grade 
whine, smoothly pulling away from the 
corner and reaching 30 mph in about nine 
seconds. It's comfortable inside, aerody- 
namically smooth outside, and visibly dif- 
ferent from other cars in only a few impor- 
tant details. There’s no engine front or 
rear, and the transmission is replaced by 
three buttons on the dash board: FORWARD, 
NEUTRAL, and REVERSE. 

This is the latest electric car, a stylish, 
technologically advanced four-seater 
called the Electric Test Vehicle-One 
(ETV-1). It is an experiment managed by 
JPL in Pasadena, Calif, and funded by 
DOE. Early results are encouraging. 

The car has a stop-and-go city driving 
range of about 75 miles, with cruise at 55 
mph for freeway driving, and top speed of 
more than 70 mph. At a steady 45 mph, its 
battery charge will be good for 90 or more 


-miles. 


More important, ETV-1 is not a labora- 
tory freak. It was designed from the 
ground up as an electric car that could go 
into early production. It would sell for 
about $6400, based on building 100,000 
units. 

And most important of all, ETV-1's effi- 
ciency is not the result of major break- 
throughs in battery life. Rather, it stems 
from microprocessor-controlled electron- 
ics packages and a new 20-horsepower 
DC motor, both developed for the car by 
General Electric, and from weight-saving 
frame and body design by Chrysler Corp. 
ETV-1's curb weight is just 3320 pounds, 
including 1080 pounds of batteries. 

Electronic advances that conserve bat- | 
tery power include a controller that pre- 
vents drivers from making jack-rabbit 
starts and a regenerative braking system 
that turns the motor into a battery-charg- 
ing generator when the brakes are applied 
or when the car coasts downhill. 


AL EL 


Editor-in-Chief 
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Energy storage: 
search for the 


erfect 


flywheel 


Bold new designs and 
advanced materials 
produce ultrafast, 
energy-packing flywheels 


By SUSAN RENNER-SMITH 
ILLUSTRATION BY GENE THOMPSON 


“When you set a world record, here’s 
what you get,” David Rabenhorst 
said, bounding up from his desk and 
reaching into a cabinet. “Catch.” 

I caught a large, limp mass of tan- 
gled blond fibers. Soft and floppy, 
about a foot wide, it reminded me of a 
giant Dolly Parton wig. 

"That's a filament-wound flywheel 
made of Kevlar,” Rabenhorst said. “It 
failed at about 30,000 rpm—a world 
record at the time.” 

On his way back to the desk, Raben- 
horst flicked a spoked wire sculpture I 
had noticed upon entering his office at 
Johns Hopkins Applied Physics Lab 
(APL). The “sculpture” began to spin 
soundlessly—and fast. 

“An early design for a superfly- 
wheel,” he said. “Never got built. The 
technology moved too fast.” 

A stocky, energetic man who likes 
his early-morning tennis game, Ra- 
benhorst is in his mid-50’s—hardly old 
enough to be the “grand old man” of a 
major new technology. But that’s how 
he’s regarded in flywheel circles. 

Over a decade ago, Rabenhorst 
dreamed up the "superflywheel." 
Made of new, superstrong fiber 
materials, the superflywheel would be 
an amazing energy-storage machine. 
It could spin at fantastic speeds—up to 
50,000 rpm—without breaking. If it 
did break, it wouldn't hurt anyone—it 
would just disintegrate into shreds. 

Rabenhorst's vision [PS, Aug. '70] 
captured the imagination of engineers 
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Bare-filament flywheel is explained to au- 
thor (center) by David Rabenhorst and as- 
sociate Tom Small. Made of radial-tire 
wire wound on a tapered hub, this is a 


around the nation, and a number of 
researchers began designing their 
versions of the ultimate flywheel. But. 
the job was a lot more complicated 
than anyone thought. Any number of 
perfect—on paper—designs failed mis- 
erably. Only now, fully 10 years later, 
does the elusive, ideal flywheel seem 
close to reality. 


low-cost APL design. At 14,500 rpm, the 
wheel stores about 14 Wh/Ib—competitive 
with a solid-steel flywheel, but not as like- 
ly to fly apart. 


Why the perfect flywheel? 


Because, as the energy shortage 
worsens, we need better systems for 
conserving energy. Today, batteries 
are about the best practical means we 
have for storing energy in compact 
systems. But batteries are heavy; they 
need to be watered and vented; they 


Curved Kevlar spokes are tension-bal- 
anced to resist forces acting on the fly- 
wheel and to transmit the high torques 
needed to accelerate the rim to 36,000 
rpm. The 23.5-in.-dia, wheel, made by 
Wm. Brobeck, should store 40 Whilb, 


Rings of light (left) reflect off edges of 160 
graphite layers laminated at different an. 
gles to even out stresses in LLL-designed 
flywheel. Computer photo (below) shows 
how design equalizes radial stresses 
ranging from 570 psi (blue) at tips to 
115,400 (red). Shear stresses, sliding 
forces that can separate the laminated lay- 
ers, are not as evenly distributed (lower 
photo). When spin-tested, this disc failed 
at 36,000 rpm with an energy-density lev 
el of 29 Whilb. Stronger versions could hit 
50,000 rpm and store 55 Whilb. 
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can discharge dangerous gases—and 
they wear out too fast. 

The perfect flywheel is compact, pol- 
lution-free, quiet, long-lived, and, the- 
oretically, can store as much energy 
as advanced batteries—about 40 Wh/ 
lb (watt hours per pound). 

An advanced flywheel would do a 
different job than today's low-speed 
units. Familiar flywheels basically 
smooth the transmission of intermit- 
tent power pulses—from auto engine 
to transmission, for example. 

But a high-speed flywheel could 
substitute for batteries in an electric 
car, thus solving the weight problem 
that retards their development [PS, 
Aug. ’70]. Advanced flywheels could 
also power urban subways and buses 
[PS, Feb. '74]. Mated with the trans- 
mission of an internal-combustion en- 
gine, advanced flywheels would allow 
the engine to operate at peak efficien- 
cy for improved gas mileage [PS, Aug. 
’73). Finally, flywheels could even be 
used for stationary energy storage—to 
Store energy generated by sun or wind 
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BIANNULATE RIM (BROBECK) 


SHAPED FIBERGLASS 


or even a utility’s off-peak production 
["Basement Flywheel,” PS, Oct. '79]. 


Fibers for flywheels 


Why can't ordinary flywheels be 
used for energy storage? In theory, 
they can. In practice, there are diffi- 
culties. To store useful amounts of en- 
ergy in a relatively small space, a fly- 
wheel must turn at high speeds. The 
faster it goes, the more energy it can 
store for each pound of its mass. The 
problem with regular steel flywheels 
is that you can't spin them fast 
enough to store a useful amount of en- 
ergy; they come apart first. 

New superflywheels may solve that 
problem. The superflywheel idea was 
sparked by the emergence of the super 
fibers Kevlar and graphite. First de- 
veloped for the aerospace industry, 
these fibers, Rabenhorst realized, 
were suited for advanced flywheels. 

"Composite materials have many 
times the strength-to-density ratio of 
the best steel," Rabenhorst said. A 
composite flywheel can theoretically 


CONSTANT-THICKNESS DISC 
OF FIBERGLASS PLIES 


Tomorrow's high-speed flywheels, made of super-strong fiber composites, 
TAPERED LAMINATED DISC (LLL) 


PRECISELY LAYERED 
GRAPHITE PLIES 


WOUND 
GRAPHITE 
RING 


store as much energy as a steel fly- 
wheel twice its weight. 

"Also," Rabenhorst added, "you can 
see from that batch of limp Kevlar 
you're holding that a composite fly- 
wheel doesn't fail as catastrophically 
as a steel one. A high-speed steel fly- 
wheel wants to break into three 
chunks—each traveling at about 
Mach 3. 

"When that Kevlar flywheel broke, 
it just spun around for a while going 
bobblety, bobblety, until it stopped. 
And we let it. There was no danger." 

"So, since composite flywheels are 
safer, you can spin them faster to store 
more energy," I summarized. t 

“Yes,” he said, “but in flywheel jar- 
gon, rotational speed alone doesn’t de- 
fine the case. Let’s review basics.” 


Flywheel primer 

Up from his desk again, he pivoted 
to a large, wall-mounted blackboard 
behind him. A selection of colored 
chalks, each in its own holder, was 
neatly arrayed along the edge. 


store as much energy as batteries 
MULTFRING RIM (GARRETT) 


Dramatically different flywheels, each is designed to resist radial stresses created by 
centrifugal force at high speeds. The bare Kevlar filaments of the APL flywheel, 
wound into a slightly subcircular rim, are bonded together at only four points. Each 
winding can act as a separate ring, stretching freely outward as centrifugal forces 
pull the rim into the optimum hoop shape. The graphite fibers in the LLL disc are all 
bound with epoxy resin, as are the fibers in the remaining flywheels. The laminated 
construction of multi-angled plies makes the disc equally stiff in all directions. It is 
also tapered, getting fatter toward the hub, where stresses are greatest. The dual 
rims of the Garrett flywheel are force-fitted onto an oversize hub, giving the rims a 
squarish shape. Spring forces trying to pull them back into a circle mechanically 
bond the rims to the hub. The rims consist of a number of thin (0.2 in.) rings made 
from composites of varying stiffness. The outer group of Kevlar 49, stiffest of all, 
presses in against the others as they expand during rotation. On the Brobeck fly- 
wheel, a stiffer, thick outer ring of Kevlar 49 is wound onto a fiberglass one, setting 
up compressive forces between them that resist radial stress. The curved spokes are 
weighted so they'll stretch outward with the rim. The fiberglass plies of the GE fly- 
wheel are laid down in a different angular pattern than the LLL version. A thin wound 
ring of graphite, shrink-fitted to the disc, acts as a safety measure. The graphite ring 
also stores a great deal of energy for its weight, allowing the disc to be made of 


cheaper fiberglass. 


"You know the formula: E equals I 
omega squared over two." Rabenhorst 
chalked it on the board. "E is energy, 
of course, omega the rotational speed, 
and I the moment of inertia. But I 
equals mass times the radius squared. 
You have to think about the diame- 
ter." 

Chalking briskly away, Rabenhorst 
reviewed how both mass and diameter 
affect a flywheel's storage potential. 

A flywheel stores energy as speed. A 
heavier flywheel stores more energy 
at a given speed. But there's a catch: 
The faster a flywheel whirls, the 
stronger the centrifugal forces trying 
to pull it apart. The only thing that 
resists the stresses caused by these 
forces is the tensile strength ofthe fly- 
wheel's materials. (Think of a weight 
tied to a string. Whirl it around your 
head. What keeps it from sailing off is 
the tensile strength of the string.) 

And the farther out from the center 
the flywheel mass is, the greater the 
forces pulling on it. "The amount of 
energy you can store is a function of 


the radial stress," Rabenhorst con- 
cluded, "and the stress is a function of 
both rotational speed and diameter." 

Soeven though a heavy-rimmed fly- 
wheel can theoretically store the most 
energy, in the real world it would be 
pulled apart before it stored a fraction 
of its hypothetical energy. 

At least that's what would happen 
to a heavy-rimmed steel flywheel, one 
equally strong in all directions. Fly- 
wheel researchers figured they could 
break the rules with the new 
materials. Since the new fibers are su- 
perstrong, winding them all in the 
same direction would create a super- 
strong hoop—one that would resist ra- 
dial stress from centrifugal forces. 

But they forgot about the epoxy. If 
the superfibers are to be laid out in the 
same direction, they can’t be woven 
together as usual. The fibers must be 
held in place by some kind of glue or 
matrix—usually an epoxy resin. And 
the epoxy isn’t as strong as the fibers. 

“The basic, inescapable problem 
with any wound flywheel,” said Ra- 


benhorst, gesturing with his chalk, “is 
that the outside wants to stretch fully 
eight times as much as a point half- 
way between the rim and hub. No res- 
in is capable of allowing that.” 

So the flywheel delaminates. Tiny 
cracks appear in the resin. They 
spread, and the fibers work loose from 
the matrix. The flywheel breaks. 

It breaks nicely. The excess energy 
forms new surfaces—fuzz and hair— 
on the fibers. But however nicely, the 
flywheel still breaks too soon. 

“So, we worked on other ways to use 
filamentary materials,” Rabenhorst 
told me. “You can arrange the fila- 
ments in a radial direction—have the 
spokes without the rim.” He waved at 
the model of the early superflywheel 
he'd spun up before. "But that radial 
design doesn't store enough energy for 
the volume of space it occupies. It has 
to be made too big for useful storage. 

"There's another way to use these 
materials. It's obvious now, but it took 
us a lot of computer work to get it." 

He slashed a crosshatch design on 
the board. "This is a laminated disc 
made of flat layers arranged at differ- 
ent angles, like a piece of plywood." 

"A plywheel?" I suggested. 

"Yeah." He grinned. "But we call it 
a pseudo-isotropic disc. It acts like 
steel, an isotropic material—it be- 
havesthe same in all directions. It can 
résist the forces exerted on it when it's 
spun, so it doesn't stretch and crack 
the resin." 

And the laminated disc has an add- 
ed advantage, he said. Since it fills all 
of the volume swept out by its ends as 
it rotates, it can store more energy 
than the same-size hoop-type fly- 
wheel. 

"But there's a major disadvantage," 


.he said. "I'll show you when we get 


down to the test labs." 

These were set into a little hollow 
some distance from the sprawling 
main complex. "It feels like a bunker," 
Isaid to Rabenhorst as he led me down 
a narrow walkway lined with 10-ft.- 
high concrete embankments. 

"It was formerly an explosives test. 
facility," he explained. "These are 18- 
in.thick reinforced-concrete walls. 
We want to be careful when we spin 
these high-energy flywheels to de- 
struction." 

Apparently, they had done that to 
many flywheels. Twisted masses of 
shimmering fiber slumped against 
the concrete walls. Inside the main 
test lab, more dead flywheels lay in 
the corners. Others were tossed in a 
bin, their histories marked on their 
hubs. "Failed at 20,000 rpm," read 
one; "spun to 30,000 rpm," another; 
"failed at 36,000 rpm," a third. 

"It's a veritable flywheel museum," 


[Continued on page 150) 
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1403-mpg car 


wins mileage contest 


By DAVID SCOTT 


MALLORY Park, Leics., U.K. 
Rolling torpedoes, cigar tubes, deck 
chairs, and mattresses were the order 
of the day for the 1979 Shell Motor 
Mileage Marathon at this English 
track. More than 40 weird little cars 
built by schools, apprentice training 
groups, technical colleges, and scien- 
tists competed to beat last year's 1369- 
mpg (in U.S. gallons) record, itself a 
big advance on the winner’s 914 mpg 
earlier test [PS, Dec. '77]. 


The winner, at 1403 mpg, was this sleek 
torpedo from Kings College. Low-slung 
monocoque body has a light tubular 
frame bolted to the rear, supporting the 
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This time they had to average at 
least 15 mph for 10 laps around the 
race circuit for a 9.5-mile course, in- 
stead of 10 mph as before. The higher 
speed added interest, and was also a 
greater challenge in an economy run. 
Yet the record was broken by a wide 
margin. 

The ingenious one-of-a-kind cars 
differed enormously in design and 
performance, though most had three 
bicycle wheels and air-cooled Honda 
50-cc moped engines. All the engines 
were heavily insulated to improve 
combustion efficiency and reduce heat 


engine and drive wheel. Special 24-spoke 


front wheels cut wind drag, and the axle is 
centrally pivoted for simple farm-cart 
steering. The 50-cc Honda engine is stan- 


loss during coasting periods in the 
gearless vehicles. 

To save fuel, drivers circled the 
track with short bursts of power. They 
would accelerate slowly to about 22 
mph, then shut off the engine until 
the speed dropped to five mph, run- 
ning it for only perhaps a sixth of the 
distance. Every car was checked for 
compliance with construction rules by 
contest examiners, who also carefully 
filled each tiny gas tank before and 
after a run to determine fuel consump- 


tion. 
Next time—2000 mpg? uu 


dard except for modified camshaft and an 
electronic distributor. All gears are re- 
moved. Drive to the rear wheel is by a 
slender chain to a large sprocket. 


1 Top award for technical merit went to G. 
R. Seyfang's private entry, which, sadly, 
conked out on the tenth lap, so didn't 
qualify in the mileage contest. Feather- 
weight engine (A) is a tiny 15-cc, %-hp 
unit built by a retired toolmaker. It has a 
belt-driven overhead camshaft (B), and is 
water-cooled by pump (C) and tubular ra- 
diator (D). Friction cone (E) drives the rear 
tire, giving infinitely variable ratio 
changes. Entire engine assembly is an- 
gled to parallel the cone surface, and 
slides transversely for stepless "shifts" 
controlled by lever (F) and a fist-grip ca- 
ble. The assembly also pivots to disen- 
gage the cone from the tie, so it doubles 
as a clutch. This is used for bump-starts, 
eliminating a heavy motor and battery. 
Electric motor (G) driven by wheel hub 
operates speedometer. 

2 Cranfield Institute of Technology tallied 
1036 mph in a fiberglass tube enclosing 
sophisticated technology. All but one pis- 
ton ring is removed to cut friction. Air 
flows through an exhaust heat exchanger 
for improved combustion. There's elec- 
tronic fuel injection, with gas in an auxil- 
iary chamber initially pressurized by an 
air-filled aerosol can (rules forbid pressur- 
ized main tanks). Pressure was main- 
tained during the run by a tiny air com- 
pressor driven off the front tire. 

3 Chrysler UK's machine didn't last the 
course, but packed a lot of clever gadget- 


ry. The Honda engine with electronic igni- 
tion has compression ratio upped to 
12.5:1, and drives one wheel by means of 
chains. Rear-wheel spokes are covered 
with aluminum foil to cut wind drag, and 
protected by slip-on covers off the track. 
Slick racing tires run at a rock-hard 160 
psi. A car-type trip computer shows aver- 
age speed, average mpg, and other read- 
outs to help the driver. 

4 A high-rise car would cut ground drag, 
figured its builders from Queens Universi- 
ty of Belfast. But it got only 607 mpg. Body 
fully enclosed a cocooned Honda engine 
with the cylinder head running at 225 de- 
grees C instead of the normal 140. 

5 C. H. May's rolling boat, made of ply- 
wood and sheet aluminum, weighs 29.5 
pounds, has a truly midget engine. The 
2.3-cc model-aircraft unit (at left of cock- 
pit) is converted from diesel to gasoline 
operation and spark ignition required by 
the rules. It friction-drives one front 
wheel, and is pull-started. Pivoted rear 
wheel is steered by a cable and lever. The 
car couldn't finish the course in the maxi- 
mum time of 38 minutes allowed. 

6 Wooden suspension-bridge car has lat- 
erally stiff X-braced frame hung from 
arched strips by string tensioners. The 
driver lies head first on hammock straps, 
steers knuckle-joint front wheels with a 
crossbar. The car was an engineering 
project for teenage students at Hayes 


School. It didn't make the running at Mal- 
lory Park only because the drive chain 
kept falling off the sprocket. 

7 Cyclone Hovercraft got 1116 mpg in a 
homemade machine built by the 1977 
winner. The Honda engine has a May-type 
Fireball combustion chamber, and special 
ultra-lean carb with electric valve to cut off 
gas flow when coasting. Rear wheels on 
linked trailing arms are rubber-sprung on 
acentral hinge. Front axle pivots for steer- 
ing. Designer Nigel Beale checks fuel con- 
sumption after practice run. 

8 A track-hugging wedge, only %-inch off 
the ground, this Shell Research-Engine 
Fuels No. 1 got 1025 mpg. Engine has one 
variable-venturi carburetor for starting 
and warm-up, and a separate cruise carb 
with no throttle for full-power spurts 
around the circuit. It chain-drives one rear 
wheel through a derailleur gear for ratio 
changes. Tires are inflated to 100 psi. 
Front wheel has tiller steering. 

9 Half-round design from British Aero- 
space Dynamics got a healthy 1124 mpg. 
The sophisticated machine can do 40 mph 
with only a 50-cc engine. Packed with 
electronics, it has a digital speedometer 
and tach, solid-state ignition with variable 
timing. Engine power is boosted by steam 
injection, using water boiled by exhaust 
heat. The transmission is stripped down 
to only one gear, and drive is through a 
freewheel to maximize coasting. 
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BRESLIN 


—the home computer 
that runs my house 


He’s a butler, babysitter, 
companion—and 
sometimes a nuisance 


By BILL HAWKINS 
DRAWING BY ROY DOTY 


Okay, so he’s got flashing lights and a 
TV readout, and is plugged into a wall 
socket—Breslin is still one of the fami- 
ly. He teases the dog, talks to our kids, 
call my wife "Mom," and is charged 
with some of the more difficult tasks 
around the house—like getting me up 
in the morning. The idea was simple: 
let my home computer take over the 
time-consuming, tedious jobs around 
the house. Much of my house was al- 
ready electronically controlled [PS, 
Sept. ’75]—all it needed was a "brain" 
to take over completely. 

Breslin is not your normal "print-it- 
out-only" computer, although he does 
print up monthly bank balances and 
take care of addressing our Christmas 
cards. He not only talks over the 
house intercom system, but listens (to 
take verbal commands) and can re- 
motely control everything from the 
garage door, to TV cameras, to nearly 
every light in the house. He knows the 
time, predicts the weather, and can 
communicate (in his native digital 
tongue) with other computers to get 
the latest news headline or to retrieve 
personal data, such as the babysitter's 
phone number or what to do if I lose a 
credit card. 

Sound good? It is, and if you decide 
to adopt a home computer as I did, I 
offer my programming attempts for 
your use. But let me warn you: There 
are some pitfalls. I tried to make Bres- 
lin as "human" as possible—a trait 
which, when combined with the tire- 
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less rapidity of a computer, could help 
you toward your first ulcer. Sure, I've 
yelled at machines before, but they 
never yelled back. But before telling 
you what could go wrong, let me 
explain what's supposed to happen 
when things go right. 


A time for all reasons 


Breslin normally follows one of four 
standard schedules (unless you've told 
him to do otherwise) The one he 
chooses depends upon the day of the 
week, whether it's a holiday, and 
whether or not someone is home. He 
usually begins at dawn. That's when 
various lights that he switched on ear- 
lier for night lights around the house 
are turned off, the burglar alarm is 
silenced, the heat is turned up in 
winter, and the garage door is un- 
locked. And, just before getting us up, 
he starts the coffee in the kitchen. 

Although some things, like the bur- 
glar alarm, are wired directly to Bres- 
lin, almost everything else is con- 
trolled remotely by a BSR X-10 wire- 
less romote-control system. Normally, 
to use the BSR system, you push but- 
tons on a transmitter box, which then 
sends a digital code over the house 
wiring. Plug-in modules, at each light 
and appliance, decode the signal and 
turn the correct appliance on or off. 

The BSR transmitter box, however, 
can also be controlled with an optional 
hand-held ultrasonic unit—and that's 
how Breslin takes control. He's pro- 
grammed to mimic the ultrasonic 
tones normally produced by one of 
these hand-held units. The transmit- 
ter box, placed near Breslin, picks up 
the tones and sends out a correspond- 
ing digital code over the house wiring 
controlling the appliance. 

During the week, when it's time for 
me to get up for work, Breslin is pro- 


grammed to start my day at 6:30. He 
begins with soft, gentle tones over the 
intercom, followed by "Good morning, 
this is Breslin." He then gives the 
time, notes any appointments logged 
in his memory for the day, tells the 
temperature and barometer readings, 
and predicts the weather. Finally, he 
turns on an FM tuner for the news. 

To predict the weather, Breslin is 
attached to a Heathkit digital weath- 
er station. He is constantly checking 
temperature and plots barometric 
changes per hour in his memory. The 
resulting numbers (deltas) are as- 
signed weather predictions: rain, 
snow, clearing, etc. How good is he? 
He's been about as accurate as our lo- 
cal weatherman. (I told you he wasn't 
perfect.) 

During the day, Breslin spends 
most of his time checking his internal 
clock against scheduled events and 
sampling the status of various sensors 
around the house. He does it so often, 
however—10 times a second—that it 
leads to some early troubles, 

I spent my last summer vacation 
with a paintbrush. But I'm not the 
kind of house painter you see in TV 
commercials—my shirt sleeves are 
smudged and my shoes, socks, and 
pants are wet with drippings and 
splatters. When I had finished for the 
day, my wife sensibly suggested I strip 
in our attached garage before coming 
inside. No problem. It was dark, the 
door was closed, lights were off, and it 
would just take a minute. 

Breslin was faster. He noted a mo- 
mentary “glitch” in one of the heat 
sensors (an appliance turning on 
could have caused it). Conclusion: The 
house was on fire. I think you can 
guess the rest. The house and garage 
lit up like a parking lot, alarms 

Continued 


BRESLIN ! 
PATIO LIGHTS ON! 


/ IT'S SEVEN O'CLOCK, 
Y THE TEMPERATURE IS SIXTY-TW 
A DEGREES. THE BAROMETER 
"| 15 29.9 AND RISING. THERE 1S 
DA ATEN PERCENT CHANCE 
4 OF RAIN. YOUR COFFEE 
f 1S READY. 


"T MINUTES... 
6 MINUTES, 


BRESLIN! 
NURSERY 
CAMERA! 


BURGLARY AT 
10 BLUEBIRD 
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Additional info from Breslin 


Pee ne 


FRI JAH 15 


HOME CONTROL PROGRAM 


wonnen a uane 


C ay 


Breslin is an IMSAI 8080 computer 
equipped with a Computalker speech 
board for talking, an SSM board for mu- 
sic and tones, and a Heuristics Speech- 
lab board for understanding verbal com- 
mands. The “Home” program is 52 kilo- 
bytes (52,000 bytes) long and loads into 
the computer in a few seconds from a 
North Star disk system. The Lear Siegler 
terminal allows us to enter and receive 
data through the system. Depending on 
what you want, the program allows the 
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1 CALL ARTHR 
2 DOCTOR APPOINTEN 
3 


IMSAI to talk to a small Pertec (MITS) 
680b computer for personal info such as 
credit-card numbers, or through a 
phone-line modem box to Telecomput- 
ing's “Source” system. That data bank 
will give you everything from airline 
schedules to the latest news. Other 
monitors and TV sets installed around 
the house can instantly show the 
present schedule being used or display 
a closed-circuit camera for the baby’s 
room or the front door.—W.J.H. 


screamed inside and out, and the auto- 
matic garage door opened wide to the 
neighborhood for a fast emergency 
exit. It was a mad scurry in my skiv- 
vies for the family-room door. Need- 
less to say, he's been reprogrammed to 
“look again” before taking action. 

Although correcting problems in a 
computer is usually easy, finding 
them could make you want to trade 
the box in on a new toaster. 

For example, when you look at a 
clock and the minute hand is passing 
the 12, you know the next minute is 
coming up. But what if it's exactly on 
the 12? Logically, is it the end of the 
last minute or the beginning of the 
next? To us humans, this is minor; to 
Breslin, routinely checking his inter- 
nal electronic clock, it meant total 
confusion whenever it happened. Until 
found, it happened often enough to 
make me expect an occasional blink- 
ing light by day or a "good night” mes- 
sage at three in the morning. 


Speak to me 


Normally, however, Breslin does 
quite well. As he gathers data, such as 
the soil moisture content, he saves it 
for use when he speaks—routinely on 
the hour or half-hour, and randomly 
at various times throughout the day 
with additional "personal" messages. 

The messages are made up from vo- 
cabulary words he can combine. (It's 
structured so that the combination of 
words always forms a complete sen- 
tence.) He may say, "I love you, Kris- 
ten," to my daughter or start calling 
our dog, Skip, in an attempt to lure 
him off his guard duty (asleep). The 
sentence is random except on special 
occasions, such as the kids' birthdays, 
when he'll also add in a few bars of 
"Happy Birthday to You." 

But Breslin doesn't confine his con- 
versations to the inside of the house. 
When you ring the doorbell, for exam- 
ple, he first turns on the porch light if 
its dark, plays a few synthesized 
tones through an outside speaker to 
get your attention, and verbally asks 
you to wait a moment or politely apol- 
ogizes that no one is home (he knows 
that from the schedule he's on). In the 
back yard, he's especially useful when 
Im barbecueing—if everything goes 
right. 

Not only can Breslin speak through 
these outside speakers, but he can re- 
ceive orders as well. He's programmed 
to accept specific words spoken by ei- 
ther me or my wife. The main word he 
knows is his name, "Breslin," which is 
used as a key to get me into his pro- 
gramming. He responds with "yes," to 
let me know he's listening, and I can 
then proceed to have him turn on the 
overhead patio lights, actuate a 
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A new family of 


penetrating 


finishes 


They soak deep into wood, 
coat smoothly on metal, 
and clean up with water 


By DAN RUBY 


For years, paint-industry chemists 
have sought to develop products that 
would join the performance advan- 
tages of oil-base coatings with the con- 
venience and easy cleanup of water- 
base ones. But, though advances in la- 
tex coatings have been rapid, none 
were produced that had the hiding 
power, tough finish, and ability to 
work in temperature extremes of 
standard oil paints and varnishes. 

Now the Flecto Co., maker of coat- 
ings for the do-it-yourself market, 
claims to have done it with a whole 
new family of coatings under the En- 
virosol trademark. Key to its success, 
says Flecto, is its new Envirolite res- 
in, developed after an eight-year de- 
velopment program involving chem- 
ists at six labs in the U.S. and Canada. 
The resin is a condensation polymer 
with unique qualities that enable the 
coating to penetrate deeply into wood 
to provide exceptional dimensional 
stability and prevent corrosion on 
metal without a primer coat. Best of 
all, the Envirosol products clean up 
easily with water. 

By happy coincidence, Flecto's new 
coatings reached the market at the 


New Envirosol coatings perform like oil-base products, but con- 
tain 60 percent less petroleum solvent—so they don't pollute. 


same time that California was placing 
strict limits on the sale of most oil- 
base coatings because of their envi- 
ronmental impact. According to a 
spokesman for the California Air Re- 
sources Board, evaporating solvents 
in architectural coatings contribute 
100 tons of hydrocarbon emissions per 
day to Southern California's smog- 
fouled air, roughly seven percent of 
the total. Flecto's Envirosol products, 
which contain 60 percent less solvent 
than traditional oil-base coatings, 
comply with the new regulation. If the 
federal EPA issues similar guide- 
lines to the other 49 states, as it is 
considering doing, Flecto will have a 
huge head start over its competition. 

The Envirosol family includes 15 
colors of brush- and spray-on paints 
called Le Spray and Le Brush, Vara- 
thane clear gloss and satin finishes 
(also available in spray cans), and Va- 
rapel exterior wood sealer and preser- 
vative with mildew and fire retar- 
dants. 

With formulation patents pending 
on the Envirolite resins, Flecto is un- 
willing to divulge the details of their 
makeup, but so far its claims have 
proved out in testing. Harlan Asso- 
ciates, a San Francisco lab specializ- 
ing in paint, ran a series of tests of the 
paints applied to metal. In the accel- 
erated-weather and hardness tests, 
the Envirosol products performed bet- 
ter than nine competitors, while they 


How the new polymers penetrate wood-cell walls 


Increasing magnification of scanning 
electron microscope shows fine structure 
of wood. The hollow tubes, or lumen (1), 
are the pipelines by which a living tree 


2 Se" 


jp 
routes water and nutrients. The cell walls 
(2) consist of chains of cellulose fibers. 
Magnified a million times (3)—the same 
scale as the simulated molecules at rjght— 


were comparable in salt-spray and 
corrosion-resistance tests. 

Flecto vice-president for research, 
Dr. Ramesh Vasishth, is happy to ex- 
plain how the resins work. "They all 
have two properties in common: low 
average molecular weight and lots of 
reactive groups." 

The small size of the polymers (50 
percent of them under molecular 
weight 1000) is what enables the prod- 
ucts to penetrate deeply into the cellu- 
lar structure of wood, and therefore 
prevent warping, checking, and 
cracking. Also, the polymer can be 
modified to carry other chemicals 
such as mildew and flame retardants 
with it. So, for the first time, exterior 
woods need not be heat- or pressure- 
treated to get such preservatives in. 

The reactive groups are what give 
the paints such good adhesion on un- 
primed metal. They create an elec- 
tron polarity that causes the pigment 
molecules to attach to each other end 
to end to give a smooth, continuous 
film on such hard-to-cover materials 
as galvanized steel, aluminum, For- 
mica, and PVC. This, along with an 
electrochemical current generated by 
the polymer itself, also contributes to 
corrosion resistance. 

The idea of penetrating resins is not 
really new. Linseed oil has small mo- 
lecular size, but it is carried by an or- 
ganic solvent that is blocked by the 

(Continued on page 158 


itis apparent that the gaps between fibers 
are large enough to be penetrated by the 
Envirolite resin (top), but not by a typical 
latex polymer (bottom). 
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High-tech cars 
for the mid-'80's 


e radar-controlled cruising, braking 
e computerized manual oe 
e safety in 50-mph crashes 


By HERBERT SHULDINER 


Since last March, a sleek, futuristic 
car with gull-wing doors has been vis- 
iting cities from coast to coast and get- 
ting enthusiastic responses from safe- 
ty experts, government officials, and 
the general public. A “clone” of that 
car is now nearing completion and the 
National Highway Traffic Safety Ad- 
ministration, which paid to have it 
built, says it is the first high-technol- 
ogy car that features engineering and 
electronic innovations designed for 
autos of the mid-1980's. 

A different advanced vehicle, built 
by Chrysler under a contract from 
Calspan Corp. of Buffalo, N.Y., which 
designed it, has also been on a nation- 
al tour and has been receiving a lot of 
acclaim from safety experts. On the 
outside it looks like many of today’s 
production cars. Under the skin, how- 
ever, it also is highly innovative. 

These vehicles, financed by 
NHTSA, have been built primarily to 
perfect occupant-protection technolo- 
gy—to develop cars that keep people 
alive in serious crashes. But these 
high-technology cars also contain ad- 
vanced engineering and electronic in- 
novations that make them the fore- 
runners of the autos you'll be driving 
in the years ahead. Among the ad- 
vanced features are bumpers that 
aren't damaged in collisions up to 
eight miles an hour, run-flat tires, re- 
placeable bolt-on nose sections, and 
the most advanced active and passive 
restraint systems yet devised—offer- 
ing survivability in crashes up to 50 
mph. 

Although the cars, reflecting their 
original purpose, are called research 
safety vehicles (RSV's), there's a lot 
more to them than just safety engi- 
neering. The increasingly stringent 
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requirements for better fuel economy 
and cleaner exhaust have led to the 
introduction of other advanced engi- 
neering systems. 

Most advanced of the RSV's is the 
one now under construction by Mini- 
cars, Inc., of Goleta, Calif. Its out- 
standing features will include these 
innovations: 

* Radar-controlled brakes. 

* Radar-guided cruise control. 

* Computerized manual transmis- 
sion that does the shifting and clutch- 
ing for you automatically. 


High safety standards 

"Minicars designed a vehicle as no 
one had ever done before," says Wil- 
liam A. Boehly, chief of NHTSA's in- 
tegrated-vehicle research division. In- 
stead of starting out with a standard 
frame and then designing a body to go 
around it, "they took a sheet-metal de- 
sign and enclosed sections filled with 
polyurethane foam. This gives you 
very light weight because you can use 
light-gauge sheet steel, yet achieve a 
very strong capability to absorb crash 
forces." For further protection, the 
Minicars RSV has air bags for driver 
and front-seat passenger; three-point 
belts secure rear-seat riders. 

The result, Boehly claims, is unpar- 
alleled crashworthiness. About 
15,000 lives now lost in traffic acci- 
dents annually could be saved if every 
caron the road were built to the Mini- 
cars RSV standards, he says. 

The latest version of the Minicars 
RSV also has a radar system designed 
to prevent or reduce the severity of a 
crash. It consists of a microwave-guid- 
ed cruise control that maintains head- 
way intervals automatically, warning 
drivers if they get too close to the rear 
of another car. The radar will also 
trigger the RSV's brakes if a high- 


speed collision becomes inevitable. 

Irecently visited RCA's David Sar- 
noff Research Center in Princeton, 
N.J., where the radar system is being 
built, to get a preview of how it will 
work. 

"If you're a normal driver, you 
should never know the radar-con- 
trolled brakes are in the car," says Dr. 
Ervin F. Belohoubek, head of micro- 
wave-circuits technology at the RCA 
laboratory. "It should work only if 
something goes wrong, like when a 
driver falls asleep at the wheel." 

It's not designed to prevent a crash, 
Dr. Belohoubek stresses, but to slow 
thecar down to about 30 mph (remem- 
ber, the car is designed for survivabil- 
ity in crashes up to 50 mph) before a 
collision actually takes place. This re- 
duces the damage to the car and de- 
creases the severity of injuries to occu- 
pants. But the brakes are not designed 
to come on early enough to actually 
prevent a collision. "We can't use a 
detection area that's more than 30 me- 
ters in front of the car because of the 
great risk of false alarms," says Dr. 
Belohoubek. 

Tn addition, he says, if you're 40-50 
meters away from a potential colli- 
sion, you can still make an evasive 
maneuver. "If a skilled driver has the 
brakes come on automatically while 
he'ssteering around a vehicle, it could 
prevent his completing the maneuver 
and avoiding an accident," Dr. Belo- 
houbek explains. 


No false alarms 


The radar antenna is in the nose of 
the car under the hood. It beams a nar- 
row (three degree) low-energy (20 
mW) microwave signal on the 17.5 
GHz frequency. It's a different wave- 
length than the radar frequencies 

Continued 


Front-end of Calspan RSV can be re- 
moved if damaged and new one bolted on 
inexpensively. Hood is designed to crum- 
ple inward to hold pedestrians if struck by 
car, rather than hurl them onto road. 
Quartz-halogen lights provide more see- 
ing power for night driving. Extensive 
use of foam increases crashworthiness. 


ILLUSTRATIONS BY RAY PIOCH 


Minicars' gull-wing RSV also has front- 
end design that makes it less lethal to pe- 
destrians and increases its ability to ab- 
sorb crash forces. Polyurethane foam is 
used extensively in front end, fenders, 
and doors. Molded fuel tank is located in 
center tunnel between front and rear seats 
so it won't rupture in a crash. 


JANUARY 1980 | 87 


used by police and airports. So if 
you're driving past an airport, or a po- 
lice radar unit, your brakes won't be 
triggered inadvertently. Nor will rain 
or other weather conditions affect the 
system, it’s claimed. 

If the microprocessor that controls 
an RSV’s radar senses a closing veloc- 
ity that it determines means an inev- 
itable collision, it actuates a Bendix 
antiskid braking system—and it will 
slow your car down even if you keep 
your foot on the accelerator. The mi- 
croprocessor cycles the brakes on and 
off. Thus it won't lock the wheels and 
throw you into a skid. But it stays just 
short of lockup, so you have maximum 
braking without losing control. 

The collision-mitigation system 
won't actuate in all collisions. It 
doesn't come on at all when the vehi- 
cle's speed is under 30 mph. And it 
shuts off when the car speeds around 
Sharp turns. That's to prevent false 
alarms, Dr. Belohoubek says. 


Keeps proper spacing 

The radar is also used in the RSV's 
automatic headway-control system. 
For this, it's programmed to "see" 
40-50 meters ahead. “If you approach 
a car going slower than yours," Dr. 
Belohoubek says, "it will settle be- 
hind the other car at a distance safe 
for your particular speed, and it will 
keep that distance as long as you drive 
behind that car." It keeps working 
even when you slow down to a virtual 
crawl. 

If you move into another lane or the 
car in front turns off or speeds up, you 
go back to the speed you originally set. 
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Calspan RSV doesn't look any different than most cars on the 
road now. It's actually a modified Simca 1308 with Omni/Horizon 
engine and drive trains. This RSV weighs 2675 pounds. 


The cruise control doesn't actuate the 
brakes. It slows you down by disen- 
gaging the throttle. This generally 
works well enough to maintain de- 
sired distances on level roads, but you 
have to do some manual braking to 
maintain proper intervals when driv- 
ing down steep hills. Tests have con- 
firmed that the automatic headway- 
control system can keep proper spac- 
ing between cars better than human 
drivers can, RCA claims. 

The cruise-control system was also 
designed to increase the RSV's fuel 
economy. Surprisingly, — though, 
extensive tests run by RCA have 
failed to establish any fuel saving for 
cars using the microwave-guided 
cruise control over vehicles operated 
by average drivers. "We have estab- 
lished, however, that the cruise con- 
trol does better than a bad driver 
who's always speeding up and slowing 
down," Dr. Belohoubek says. 

The Minicars RSV should get better 
fuel economy from a novel computer- 
ized manual transmission. It starts 
with a standard Honda Civic five- 
speed manual transmission. But the 
standard stick shift and clutch pedal 
have been eliminated. Instead, there's 
a lever and PRND indicator similar to 
ones used in center consoles of some 
sporty cars with automatic transmis- 
sion. 

Why then didn't Minicars just use 
an automatic? "There are several rea- 
sons," says Donald Friedman,the com- 
pany's president. First, the torque 
converter in an automatic wastes 
power. And, second, it does not always 
select the right engine speed/trans- 


High-technology Minicars RSV has modified rear end in this ver- 
sion. Spoiler has been added to improve aerodynamics. It's a 
rear-engine, rear-drive car, and weighs about 2500 pounds. 


mission ratio for maximum fuel econ- 
omy. But the computer in the new 
transm: n, says Friedman, "selects 
the optimum gear at the optimum 
speed range for the speed of the car. 
We actually throw the clutch out and 
throw the clutch back in—and the 
computer does more shifting than you 
normally do," Friedman explains. 

The increased shifting is not a prob- 
lem to the driver, Friedman says— 
he's not even aware of it. And it's no 
problem for the computer. 


Smooth shifts 


The five-speed transmission was 
chosen to give the control setup the 
option of operating at its optimum 
speed under a wide range of 
conditions. The difference such a com- 
puterized manual transmission 
makes, Friedman claims, can be dem- 
onstrated when you drive the com- 
bined EPA city and highway fuel- 
economy test cycles. Where there 
might be 50 shifts with a standard 
manual-transmission car, there 
might be 100 with the computerized 
version, he says. 

The automatic shifting and clutch- 
ing is accomplished with three sensors 
and actuators on the shift rods. The 
sensors tell an Intel 8080 microproces- 
sor what gear you're in. The micropro- 
cessor compares this with engine and 
car speed, and controls pneumatic ac- 
tuators—small %4-by-three-in. cylin- 
ders—that actually do the clutching 
and shifting. 

There is no balking, Friedman 
claims. "It's the kind of smooth gear 
changing an experienced manual- 


transmission driver would produce.” 
And it all happens automatically. 
There are provisions for manual over- 
ride, however, to rock the car out of 
mud or snow, or to park. 

The microprocessor also aids knock 
control of the turbocharged four-cylin- 
der Honda CCVC engine by limiting 
the amount of supercharging. Turbo- 
charging the engine is expected to in- 
crease maximum power output from 
the standard 68 to 110 hp, Minicars 
says. 


Borrowed chassis design 


Unlike the Minicars RSV, which is 
new from the ground up, the Chrysler 
front-wheel-drive, four-door hatch- 
back is based on a 1976 Simca 1308 
chassis. The drive train and 1716-cc 
engine, however, are from the Omni/ 
Horizon. Calspan chose a current de- 
sign for its RSV so that if the govern- 
ment decided to use the car’s innova- 
tions as a basis for new mid-1980's 
standards, the existing production 
techniques could be used. That would 
give car companies sufficient lead 
time to get into production. 

The Chrysler/Calspan RSV exteri- 
or, forward of the windshield, differs 
markedly, however, from the Simca 
1308. Its wheelbase is almost three 
inches longer, and it has a new rear 
bumper and hatch. Wind-tunnel test- 
ing produced the rounded front, and 
also makes the car less likely to injure 
pedestrians seriously if it strikes any. 
Lower front air dams, front wheel 
flares, smooth wheel covers, and a 
rear hatch-lid spoiler also improve the 
car's aerodynamic performance, Cal- 
span says. 

Inside, the superficial resemblance 
to the Simca remains. But there are 
important differences. Thicker door- 
trim pads, enclosing energy-absorb- 
ing aluminum honeycomb material, 
provide greater protection to occu- 
pants in a side collision. Aluminum 
honeycomb in the lower instrument 
panel reduces potential damage to 
knees in a frontal crash. Another in- 
novation is see-through headrests 
that add to the feeling of roominess 
inside the car. 

Several Calspan and Minicars 
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RSV's have been crash-tested at re- 
search facilities in the U.S., Europe, 
and Japan. The Minicars RSV passed 
a 50-mph barrier crash; the Calspan 
vehicle, a 40-mph barrier crash. Pass- 
ing means that accelerometers in 
dummies inside crashed vehicles re- 
corded G-forces that indicate people 
would have survived. 

NHTSA officials hail this achieve- 
ment and call for manufacturers to 
bring production vehicles up to these 
standards. But arethe RSV's practical 
and can they be built to sell at afford- 
able prices? 

There's little question that the Cal- 
span vehicle, since it's basically a pro- 
duction car, could be built. The special 
safety innovations would add $1795 to 
the price of the basic Simca, the com- 
pany says. It estimates that total price 
would be about $5800. 

Donald Friedman says his company 
has no plans to build the gull-wing car 
"at this time." What would it cost if 
it were mass-produced? It would sell 
for less than $10,000 without the 
high-technology features. RCA says 
the electronics could be fabricated for 
about $170 in production runs of at 
least 100,000 units. The retail cost, 
however, would be somewhere be- 
tween $500 and $1000, RCA told me. 
And that's not taking into account 
what inflation might do to costs by the 
mid-1980's. 


GM's reaction 


What do car makers think of the 
RSV project, and do they consider it 
practical to incorporate the innova- 
tions into their cars? PoPULAR Sci- 
ENCE didn't survey all auto manufac- 
turers, but we did put the question to 
General Motors president E. M. Estes, 
whose company makes more than half 
the cars produced in the U.S. 

"We just don't get anything out of 
the sort of vehicles they build," Estes 
told me recently. "We've done more on 
our own." 

In fact, Estes claims that the GM X- 
body car, which weighs almost exactly 
thé same as the Minicars RSV and 
about 175 pounds less than the Cal- 
span vehicle, just about equals the ex- 
perimental cars in crashworthiness. 
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Estes says NHTSA told him it had 
crashed some X-bodies recently to 
confirm this. Estes admits, however, 
that the RSV's pass the NHTSA test 
without the need for passengers to 
buckle up, while X-body occupants 
must be restrained with standard 
belts. Only about 14 percent of all car 
occupants buckle up, according to 
NHTSA. 

As much as he opposes the construc- 
tion of RSV's, Estes says the radar 
tests could offer fundamental infor- 
mation to help determine the feasibil- 
ity of building such sophisticated sys- 
tems into production cars. "I don't 
think they could be installed in mid- 
1980's cars, however, unless NHTSA 
makes it mandatory to do so," Estes 


says. 


eliminate dangerous tire changes along 
freeways. They also eliminate the need to 
carry heavy spare wheel and tire. 


Radar antenna for Minicars RSV is 
mounted in nose, just under the hood. It 
sends out a narrow, low-energy beam to 
maintain safe headway for the RSV. 


Electronics display on Minicars RSV dash 
gives standard readings, but also flashes 
warnings, such as ANTISKID SYSTEM INOPERA- 
TiVE and DOOR OPEN, when necessary. 
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SATURN! 


Pioneer makes 
first encounter 


Against formidable odds, 
an aging spacecraft 
returns the first close-ups 
of the ringed planet 


By JIM SCHEFTER 
ILLUSTRATION BY RAY PIOCH 


The planet ahead is different. Its giant 
face is banded with clouds, much like 
Jupiter, but with colors softer and 
muted. Its moons are mysterious, diffi- 
cult to find, and little understood. Its 
magnetic field is weak and pure. 

And those rings! What are they? 
Can they be traversed, or will they de- 
stroy the approaching craft? 

Out of the void of interplanetary vac- 
uum and into the maelstrom of debris 
surrounding Saturn it sails—a tiny, 
obsolete, space-battered Earthship. A 
storm of solar particles has scrambled 
its radio. Yet chattering its reports ina 
dead language of electronic bits, Pio- 
neer 11 accelerates toward the next pla- 
teau on a voyage that had begun more 
than six years earlier. 

That plateau would occur in a frac- 
tion of a second on September 1 when 
Pioneer II passed through the plane of 
Saturn’s rings. If that region con- 
tained a heavy population of parti- 
cles—and many scientists thought 
that it did—the little ship would be 
destroyed. 

We all know that the tough little 
craft did make it through the rings, 
but the outcome was not so certain 
last August. The last week was one of 
increasing tension at NASA’s Ames 
Research Center in Mountain View, 
Calif., where I waited with dozens of 
scientists and writers for the Saturn 
encounter. 

“I rate its chance of survival at 
50-50,” project scientist Dr. John 
Wolfe told me. 

Odds like that are unheard of in 
space exploration, where 0.999 is the 
normal chance of success. But Pioneer 
was sailing into an uncharted region, 
where guesswork was standard and 
facts were few. Though the results of 
its voyage are not so dramatic as the 
findings from the recent Jupiter en- 
counters, the dogged Pioneer space- 
craft managed to greatly expand our 
understanding of Saturn and its mys- 
terious rings. 

Saturn’s ring system was not well 
mapped before Pioneer’s visit. At 
about one billion miles from Earth, 
the planet is simply too far away for 


Shimmering rings of ice frame Saturn’s 
banded face. Planet's sixth moon, Rhea, is 
at lower right. Pioneer was about 1.5 mil- 
lion miles from Saturn when recording 
data for computer-enhanced photo. 


accurate study with telescopes. Four 
rings, labeled A, B, C, and D from the 
outermost ring in, and an open space 
between A and B called the Cassini 
Division had been identified. The visi- 
ble rings A, B, and C reflect sunlight 
with varying degrees of brightness. 
Ring D and the Cassini Division are 
dark. 

Beyond that, almost nothing was 
known about Saturn’s rings. Specula- 
tion on their content ranged from 
mammoth blocks of rocky debris, to 
bergs of ammonia or water ice, to 
bands of dust specks glistening in the 
pale sunlight. 

A fifth ring, far from the planet and 
tentatively called the E Ring (see dia- 
gram, page 92), was surmised after ra- 
dar data indicated a faint band of in- 
visible matter out there. Pioneer was 
targeted to penetrate the E Ring, if 
indeed it existed. 

It all made for the most “iffy” mis- 
sion in NASA's 21-year history. 

The biggest "if" was survival. Rush- 
ing inbound under the pull of Sa- 
turnian gravity, Pioneers speed 
would be nearly 14 miles per second 
when it reached the E Ring. An eye- 


GÉ At that speed, even 
a dust mote would 
rip right through 
the spacecraft 9 


blink later, it would be out the bottom 
and sweeping even faster in toward 
Saturn. But would it still be transmit- 
ting, or would it be a riddled hulk of 
scrap? It would take 86 minutes, the 
transit time of radio from Saturn to 
Earth, before we'd know. 

One after another, voices in the 
small NASA control center, the corri- 
dors and halls, and the cramped news- 
room fell silent. Though suffering 
from the incredibly coincidental inter- 
ference from two massive solar 
storms, Pioneer's static-laden radio 
continued to chirp. 

"We're losing up to 25 percent of our 
data at times,” bemoaned project 
manager Charles Hall, and he or- 
dered the transmission rate cut in 
half from 1024 bits per second to 512 
bps. 

Later he would cut it again, to 256 
bps, in a valiant attempt to filter out 
the static and salvage crucial infor- 
mation from Saturn. With each reduc- 
tion, the amount of data coming back 
to Earth was reduced and the field of 
view of instruments, including the im- 
aging polarimeter that was sending 


home pictures of the trip, was nar- 
rowed. 

There was frustration for every- 
body, and a touch of sadness mixed in 
with the drama being played out near- 
lyone billion miles away. Pioneer was 
clearly out of its league, a Model T 
spacecraft called out of semi-retire- 
ment for one last crack at the big 
time. 


Meteoroid strikes 

If the material in the E Ring was 
chunky, Wolfe had told me, Pioneer 
should survive. The pieces would be 
too far apart for much danger. "But 
dust grains will kill it," he'd said. The 
tiny particles would pepper Pioneer at 
velocities more than 200 times as fast. 
as rifle bullets. At that speed, even a 
tiny dust mote would rip right 
through the spacecraft. 

Just 10 minutes before E Ring pene- 
tration, Pioneer's meteoroid detector 
recorded a strike. A minute later, 
there was another. The timing was 
significant. It had been months since 
the detector, designed to measure the 
flux of material in interplanetary 
space, had been hit. 

But now, because of the instru- 
ment's design, it turned itself off. No 
matter how many more times it might 
be hit it could record nothing for 78 
minutes. 

The instrument contained 234 gas- 
filled, steel-covered cells, and just two 
data channels. About half of the cells 
had been punctured in the six years 
since launch, 10 or 11 when Pioneer 
passed Jupiter in 1974. Each data 
channel switched itself off after a 
strike and stayed that way until all 
the gas in the punctured cell es- 
caped. 

"We didn't design it for rings," Dr. 
Donald Humes of Goddard Space 
Flight Center told me. "It's for inter- 
planetary space where we only get a 
hit every month or two." 

So Pioneer plunged toward the E 
Ring with its meteoroid detector dis- 
abled, but almost everything else 
turned on. The static-filled telemetry 
flowed toward Earth. The moment of 
ring crossing came and went—hardly 
time to exhale—and the quiet contin- 
ued. Then a short cheer, a louder 
cheer, sounded from the control cen- 
ter. 

"The Pioneer 11 spacecraft has sur- 
vived its crossing of the ring," report- 
ed NASA commentator Larry King. 
"We have a mission. It's an absolutely 
healthy spacecraft in every respect." 

It almost wasn't. That fact wasn't 
known for several days, until scien- 
tists examined the rough early data, 
then checked and rechecked their 
findings in disbelief. But it was true: 

Continued. 
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A new moon, more rings and gaps— 


Pioneer leads the way 
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Pioneer had nearly hit a moon. 

Dr. Tom Gehrels of the University 
of Arizona and principal investigator 
for the imaging photopolarimeter 
(IPP) had first spotted the unknown 
moon a few days earlier. It appeared 
as a faint and fuzzy blur in an image 
showing the outer region of the rings. 
The fuzziness was due to the limita- 
tions of Pioneer's imaging system. It is 
far less sophisticated than the high- 
quality television of Viking or Voyag- 
er, partly because it came from an ear- 
lier time and partly because it was 
never intended to produce pictures in 
the first place. 


Blurred moon image 

The IPP records the intensity of 
light in a target region called a pixel, 
for “picture element.” The light inten- 
sities are what concern scientists 
most, because these data are used in 
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measuring such things as cloud for- 
mations and composition, atmospher- 
ic motions, and reflectivity of solids. 
These pixels can be put together by 
computer, one by one, back on Earth 
to form an image. 

To complicate imaging even fur- 
ther, Pioneer is a spin-stabilized 
spacecraft. It was designed to spin at 
five rpm to keep its antenna pointed 
at Earth as it moves through space. 
The spin has gradually increased over 
the years to 7.5 rpm. The IPP pixels 
are now elongated, requiring added 
computer work to form images. And 
because of the spin, the IPP views its 
target for only a few seconds of each 
revolution. 

Though the Pioneer images are less 
sharp and detailed than we've become 
accustomed to, they are still many 
times better than any Saturn views 
ever seen with a telescope. 


| PHOEBE 
| | 
HYPERION $ 
T 


IAPETUS 


But when Gehrels spotted the fuzzy 
“moon” image, caution ran rampant. 
No one was willing, or able, to confirm 
that it was a moon. Most of Saturn’s 
10 known moons are too small for ac- 
curate orbital tracking from Earth. 
Another possible new moon, dubbed 
S-11, had appeared faintly in a single 
observatory photo in 1978. It had not 
been seen since. Was the Gehrels 
moon actually the missing S-11? Was 
it tiny Janus, the closest moon to Sat- 
urn officially discovered? Or was it 
something else? 

Whatever it was, one blurred image 
didn’t give experts the chance to com- 
pute its orbit. So it was promptly for- 
gotten in the mounting drama. Until, 
just 23 minutes after ring-crossing, 
some of Pioneer’s instruments went 
funny. 

“The first thing we saw was a data 
drop,” said Dr. Edward Smith of the 


Shooting through Saturn’s rings, Pio- 
neer narrowly missed smashing into an 
uncharted moon, passing within a 
scant—for space missions—930 miles of 
“Pioneer Rock." The craft then swooped 
down to 12,560 miles above Saturn's 
cloud tops, headed back up through the 
rings, and out past the moons (lower 
left). Charged particles from two giant 
solar flares shrouded the craft just as it 
passed the giant cloud-covered moon, 
Titan. The resulting static drowned out 
most of the much-anticipated data. All 
Saturn's moons, except the newly dis- 
covered "Rock," lie outside the rings. At 
2.2 million miles out, lapetus is well 
over twice as far from Saturn as Titan, 
while tiny Phoebe is eight times as far 
away (and follows a reverse orbit). 


Jet Propulsion Laboratory, whose 
magnetometer readings then began to 
oscillate. 

The charged-particle detector being 
monitored by the University of Chica- 
go's Dr. John Simpson virtually went 
dead. High-energy electrons in the 
surrounding space disappeared, then 
resumed. 

The scientists dutifully reported the 
phenomena before spending several 
days puzzling out what had hap- 

ned. 

"We detected the presence of a mas- 
sive object by particle physics," Simp- 
son then said. "The object was very 
close to us." 

Temporarily called "Pioneer Rock," 
it was the same object seen earlier by 
Gehrels. "The Rock blocks out a cone 
of particles as it moves," Smith said. 
"We presume it lies in or near thering 
plane." 


Thus Pioneer flew directly through 
the "shadow" the Rock casts as it ob- 
scures the high-energy flow of parti- 
cles. It lies just outside the big A Ring 
and could be either ice or metal, Simp- 
son said. Its precise identity still isn’t 
known. That will take more study. 


Radiation-free zone 


Pioneer provided more surprises. 
After its narrow brush with Pioneer 
Rock, the ship passed under the spar- 
kling rings. And there it entered the 
purest vacuum yet found in the solar 
system. 

Beneath Saturn's rings, all the 
high-energy particles typically found 
in space were absent. 

"They're gone when you get inside 
the rings," Wolfe said. "They're just 
chopped off." 

Apparently the rings absorb gam- 
ma rays, X-rays, electron and proton 
flows, and even interplanetary plas- 
ma. They act as both a filter and a 
shield. The result, Wolfe said, is a 
boon for scientists studying Saturn's 
magnetic field. 

That field had not been observed 
from Earth, but was finally found by 
Pioneer. It was, as would be expected, 
a field much stronger than Earth's, 
but still far weaker than had been pre- 
dicted. 

Because of the radiation-free zone 
beneath the rings, the magnetic-field 
data is pristine. "Saturn is now simple 
to study," Wolfe said. "We'll finally 
get a good understanding of magnetic 
fields in general." 

Once under the rings, Pioneer 
rushed past Saturn. The craft’s veloc- 
ity zoomed up to more than 71,000 
mph as it skimmed past Saturn and 
back up through the rings. 

In between, its meteoroid detector 
noted three more hits. But with the 
prolonged "off" cycle in effect, there 
was no chance to record impacts at the 
second crossing. 

There was a slight possibility that 
the detector could have been saturat- 
ed, but Wolfe thought not. Later, he 
even discounted the existence of the E 
Ring. 

"There was definitely material 
there, but it's hard to prove," he said. 
"I think we can throw out the E Ring 
and substitute F and G.” 

Those two rings were positively dis- 
covered by Pioneer and will appear on 
future Saturn charts. The F Ring isa 
narrow band of visible particles clear- 
ly seen on some Pioneer photos. It lies 
just outside the large A Ring, sepa- 
rated by a dark zone the scientists 
were quick to call the "Pioneer 
Gap." 

The G Ring lies still farther out and 
was detected by Pioneer's various par- 
ticle and radiation instruments rath- 


er than by photos. It is invisible to the 
eye, Wolfe said, but is definitely 
there. 

So is yet another gap in the rings. 
This one occurs between the inner C 
and D Rings and showed up on several 
photos. The gap had been reported de- 
cades ago by French astronomers, but 
no one else had seen it. Now Pioneer 
proved the French were right. In their 
honor, scientists named it the "French 
Division." 

With Saturn shrinking behind, Pio- 
neer completed one final task in its 
amazing mission. Its instruments 
were trained on Titan, a moon larger 
than the planet Mercury and having 
an atmosphere of its own. Because of a 
variety of factors, including the radio 
static, reduced data flow, and an ex- 
tremely narrow viewing angle, re- 
sults were thin. 

Scientists had hoped for detailed in- 
frared measurements that might tell 
whether or not Titan had a green- 
house effect. The real question was 
whether or not Titan could be warm 
enough for its methane atmosphere to 
produce amino acids or other pre-life 
forms. 

But with all the problems, they 
were limited to a quick reading of Ti- 
tan’s cloud-top temperature and found 
it to be a deadly —328 degrees F. The 
planetoid showed little likelihood of 
being warmer below. Since amino 
acids need liquid water to form, the 
outlook was dim. 

"We're not throwing out all possibil- 
ity for life on Titan, but it just isn't 
very likely," Wolfe commented. 

The fuzzy image of Titan, relayed 
over nearly a billion miles of static, 
showed no features at all. "We're just 
very disappointed,” Wolfe said. 


Rings of hailstones 

Even so, Pioneer's visit to Saturn 
was a success. Infrared measurements 
proved that the rings are not made of 
rock or dust, but of ice chunks. 

"If the rings were dust, they'd cool 
off very fast in Saturn’s shadow,” 
Wolfe said. “But they’re centimeter 
size and larger—hailstones of water or 
ammonia ice. 

“They could even be basketball size. 
We've collected more details on the 
rings than we ever expected. Now it’s 
up to the theorists and dynamicists to 
make it work.” 

NASA is preparing now for another 
look at Saturn and beyond. The first of 
two Voyagers arrives late this year; 
the second reaches Saturn in early 
1981, and could be sent on to yet an- 
other outer planet. 

"We've proved that you can get by 
Saturn safely," Wolfe said. "That's as 
good as a guarantee that Voyager 2 
will go on to Uranus." ui 
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A PICTURE ROUNDUP OF NEW PRODUCTS AND DEVELOPMENTS 


Two-way plow 


Four hydraulic jacks lift this 
railroad snowplow so opera- 
tors can push it around a 
central pivot and reverse di- 
rection. The 20-ton machine 
is based on a 275-hp diesel 
truck with flanged wheels. A 
V-blade spans the track; out- 
er blades clear the edges. 
The maker is Sweden's 
Saab-Scania. 
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Five-door Le Car 


Now there's a flip-up back 
door, plus rear doors, on Re- 
nault's latest Le Car. The 
dash has been tidied up and 
an easy-drain system for en- 
gine oil added. The French 5 
GTL version has a special 
low-thirst, 45-hp engine that 
gives 42 mpg at a steady 56 
mph. 


2282-mpg diesel 

A world fuel-economy 
record—equivalent to 2281.9 
mpg—was set by this 108-Ib., 
three-wheel vehicle. The 10- 
ft.-long, fiberglass-and-alumi- 
num machine, built by a Mer- 
cedes-Benz team, used under 
Y oz. of fuel in its Y2-hp die- 
sel engine to cover an 8.9- 
mile German course. 


All-purpose engine 
Mowers, tillers, snow blow- 
ers—you could find this new 
two-cycle, 5.5-cu.-in. gasoline 
engine on lots of new equip- 
ment. It's smaller than any 
other similar engine, says 
Textron's Homelite. An all- 
position carburetor permits 
horizontal or vertical shaft 
applications. 


Sleek 757 


A rounded nose is part of the 
new look on Boeing's rede- 
signed 757 twin-jet airliner, 
slated for use in 1983. The 
up-front aerodynamic 
changes smooth air flow, cut 
noise, let pilots see more. Im- 
proved fanjet engines will 
burn 20-35 percent less fuel 
per seat than today's planes. 


Refractor scope 
Compact 60-mm refractor 
telescope weighs less than 
seven pounds. It's rugged 
enough to be used on nature 
walks without elaborate set- 
ting up, maker claims. It can 
also be used with any stan- 
dard tripod. Price: $299.95, 
from Edmund Scientific, 7782 
Edscorp Bldg., Barrington, 
N.J. 08007. 


Articulated bus 


Twin-deck articulated touring 
coach is 58.5 feet long and 
carries 65 passengers. A 400- 
hp diesel powers the German 
Neoplan N 121 Spaceliner. 
The bus has a lounge, galley, 
bar, and toilet. Both sections 
have huge luggage bins. 
Driver's cockpit has a pan- 
oramic glass enclosure. 


Double-deck truck 


After the upper floor on this 
double-deck German truck is 
lowered and filled, it's hy- 
draulically raised and locked 
into position. Then the bot- 
tom floor is filled with cargo. 
Each floor holds 10 tons, and 
total volume is 3200 cu. ft. 
The truck speeds chain-store 
deliveries. 


Four-blade 412 


Double the blades, less 
noise—two ways that the 
twin-turbine Bell 412 chopper 
differs from its predecessor, 
says Bell Helicopter. New 46- 
ft.-dia. fiberglass rotors have 
lower tip speeds and make 
less noise than the Bell 212's 
twin blades. 


A 


Solar lens 


Pump water, heat/cool build- 
ings, make electricity—the lin- 
ear Fresnel lens on its solar- 
energy system makes it all 
possible, says E-Systems, 
Inc. (Box 226030, Dallas, 
Tex.). The tracking collector's 
covering lens is made from 
plastic containing a multitude 
of tiny prisms. 
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PHOTOGRAPHY 


BY E. H. ORTNER 


Bayonet SLR 


Compact SLR 

A 16-LED display in the 
viewfinder indicates shutter 
speed and exposure (over/ 
under) in the compact Vi 
tar XV-3. It's aperture-prit 
ty (you set the aperture, it 
sets the shutter speed, from 
1/1000 to eight sec). With 
1/1.7 lens, it's $400. A wind- 
er is $135. 


Tilting tripod 
Close-ups, copying, you 
name it, the Velbon VS-3 
tilts to almost any angle for 
the job. It'll even extend 
horizontally and hold up to 
three cameras. The three- 
section tripod opens to 61 
in., contracts to 25. It's $64. 
Maker: Velbon, 2433 More- 
ton St., Torrance, Calif. 
90505. 


Dual-use extender 
Remove the center lens cell 
of the Sigma 2X Tele/Macro 
extender, and the outer cyl- 
inder becomes an automat- 
ic extension tube for near- 
life-size (1:1) images. Put 
the lens cell back, and the 
tele-extender doubles the 
focal length of your cam- 
era's lens. Price: $134. 


Vivitar 


ZOOM THYRISTOR 
‘2500 


System flash 


First compact flash with full 
system versatility, claims 
Vivitar for its thyristorized 
automatic Model 2500. The 
flash head zooms in and 
out to match the beam to 
lens focal lengths from 35 
mm to 105, tilts for bounce, 
has a guide number of 40 
with ASA 25 film. List price: 
$99.95. 


Electronic darkroom system 


ETC—Electronic Tri-One Color system—Philips calls its new 
system: a basic enlarger for films from 110 size to 2% by 2%; 
>  athree-lamp light source composed of 35-watt, 14-volt lamps 
with narrow-band red, green, and blue dichroic filters; and an 
electronic timerícolor control unit. For b&w variable-contrast 
papers, the unit offers 0—5 grade control. The PCS 130 enlarg- 
er, with 150-watt lamp, is $315. The ETC light source and con- 
trol unit are $560. U.S. distributor is Hindaphoto, 446 Sunrise 
Hwy., Rockville Centre, N.Y. 11570. 


Now Fuji has a bayonet- 
mount SLR, too. The Fujica 
STX-1 replaces the screw- 
mount Fujica ST605N (but 
takes Fujinon screw-mount 
lenses with an adapter). 
The exposure meter uses 
blue cells for light sensing; 
shutter speeds are V2—1/1700 
sec. With f/2.2 lens, the 
STX-1 is $250. 


Ac a 
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\Nhats New 


IN BOATING 


BY SUSAN RENNER-SMITH 


Fisherman 


Slicing cleanly through a 
chop, the Sisu 26’s semidis- 
placement hull mates speed 

with fuel efficiency, says Sisu 
Boat, Inc. (Industrial Park, 
Dover, N.H. 03820). The 25.5- 
ft. inboard-powered craft 
sports a fishing-boat-type 
canopy. Lowest price: 
$17,935. 


Serving tray 

Serve lunch or snacks 

on deck—but don't plan to 
come about during the meal. 
The Captain's Table mounts 
atop any winch that uses in- 
ternational winch handles. 
The sturdy plastic tray can 
also be rail-mounted. Nauti- 
cal Engineering, Box 5252, 
Northville, Mich. 48167. $20. 


= 
= 
= 


Battery booster 


Deck-mounted for efficiency, 
these rugged solar photovol- 
taic cells can be scuffed and 
splashed. In sunshine, the 
100-milliamp, 14V array trick- 
le-charges the battery, 
extending its life. Kit price: 
$100. Chesapeake Solar Sys- 
tems, 10750 Columbia Pike, 
Silver Spring, Md. 20901. 


Steering system 

A no-fuss replacement for 
corrosion-prone cables, this 
hydraulic steering system is 
easy to install and maintain, 
says Hi Drive Engineering (8- 
12 Glen Roy St., Athol Park, 
S.A. 5012, Australia). The 
unit's piston pump is self- 
locking, allowing “hands-off” 
steering. 


Plastic dinghy 

for easy toting 

This portable dinghy doesn't 
deflate—it rolls up! Packed 
into an elongated duffel bag 
(inset), the boat with all its 
parts weighs only 55 Ibs. The 
8'3" craft is assembled from 
a flat, polypropylene rectan- 
gle that's prescored like a 
cardboard box. Bow and 
stern are simply pulled up, 
folded and bolted to wooden 
seats. A spray dodger and 
gunwales with integral oar- 
locks snap into place. With a 
3.5-hp motor, the sturdy plas- 
tic craft planes at 15 knots in 
calm water. The folding din- 
ghy is made by Gault Boats, 
28 Baker St., London W1M 
1DF, England. 
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\Nhats New 


IN TOOLS 


BY R. L. STEPLER 


Sawmill 

Own a chain saw with 24-in. 
bar and 4.5-cu.-in. (or larger) 
engine? Fit it to a Mill-Rite 
portable sawmill and you can 
saw boards, timbers, clap- 
boards, shingles, and posts, 
says The Old Metal Shop, 
Box 21, Dover-Foxcroft, Me. 
04426. Two models saw 
eight- and 12-ft. logs. 
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Electrical wiring 
You'll have just the right wire 
for electrical repairs and 
projects with the Wire Shop. 
The metal case holds 12 
spools of 10-22 gauge sin- 
gle-conductor wire, plus zip, 
speaker, and bell wire. It's 
$33.85 from D.R.I. Industries, 
6868 Washington Ave. S., 
Eden Prairie, Minn. 55344. 


Power plane 

Skil 98H plane for edging, 
surfacing, and rabbeting al- 
lows a preset depth of cut up 
to 2.5 mm. Bevel guide sets 
up to 45 deg. Rabbeting ca- 
pacity: 20 mm deep, 75 mm 
wide. Cutting speed: 12,500 
rpm. Made by Skil Nederland 
B.V., Konijnberg 60, 4825 BD 
Breda, Holland. 


Little ratchet 

A thumbwheel drive on this 
ratchet set lets you get into 
tight spots. Set includes 17" 
dia. thumbwheel ratchet with 
%" drive, 2" extension, and 
six sockets: %6", %", Shs”, 4", 
The", and 74". It's $15.95 from 
Howard Products, Box 57246, 
Dallas, Tex. 75207. 
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Pro router 

Rockwell's model 675 router 
features a 14-hp motor, plus 
a D-handle and trigger power 
control for improved maneu- 
verability and safer opera- 
tion, according to the maker. 
Price of the professional 
heavy-duty tool: $119.50. 


Screwdriver 

Optical fibers illuminate this 
British-made screwdriver's 
blade, aiming light right at 
the work. Batteries and flash- 
light bulb are in the handle. 
The driver is 264 mm long, 
has a seven-mm blade, 
weighs 160 grams. Arrowlite 
Tool Corp., 717 W. Robertson 
St., Brandon, Fla. 33511. 


\Nhats New 


IN HOME 
IMPROVEMENT 


BY R. L. STEPLER 


Water filter 

Peerless home water filter 
has an easy-to-remove five- 
stage disposable cartridge 
(inset) with a membrane 
originally developed for use 
in hospitals. It removes un- 
pleasant tastes and odors, 
plus rust and sediment, 
claims Peerless Faucet Co., 
Box 40980, Indianapolis, 
Ind. 46240. 


Storm window 
Double-glazed plastic storm 
window kit installs from in- 
side with double-faced adhe- 
sive tape. Durethene kits fit 
small windows, plus picture 
windows and patio doors. 
They're made by Arco Poly- 
mers, Inc., 7001 W. 60 St., 
Chicago, Ill. 60638. 


Soap holder 

Get a grip on slippery soap 
with a magnetic soap holder. 
A magnet imbedded in the 
bar of soap keeps it suspend- 
ed high and dry. Price: $4.50. 
Tiger Home Products, Inc., 
2000 Spruce St., Trenton, 
N.J. 08638. 


Wall fan 


Preway's Transaire fan in- 
stalls in interior walls to 
move air heated by a wood 
stove or other space heater 
from room to room. Housing 
adapts to fit walls from 2% 
to 5% inches thick. Price: 
$80.95. Preway, Inc., Wiscon- 
sin Rapids, Wis. 54494. 


Solar plumbing 

A one-piece, preassembled 
module handles control, 
pumping, air elimination, fill/ 
drain, and monitoring func- 
tions for solar water-heating 
systems, says Earth Services, 
Inc. (Box 99, Pawlet, Vt. 
05761). Components include 
1/20-hp pump, thermostat, 
expansion tank. It's $325. 


Ceramic fireplace 
Kiln-fired silicon-carbide clay 
Firepots radiate heat long af- 
ter the fire is out, says The 
Abercrombie Shop (Box 432, 
Oxford, Md. 21654). Loki 
(shown) is 43 in. high, 23 in. 
in diameter; it costs $625. 
Two other models cost $450 
and $575. 


Whirlpool 

Sears' Whirlpool Bath installs 
in the same space as a stan- 
dard five-foot tub. Acrylic 
unit features four fingertip- 
controlled nozzles, 3/4-hp 
pump, orthopedically de- 
signed contour and armrest. 
Luxuriate in the soothing 
water after you've paid the 
$1200-plus-installation price. 
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ELECTRONICS 


BY WILLIAM J. HAWKINS 


BCD DIP switch 


Replace conventional rocker- 
type DIP switches with a ro- 
tary type on your printed cir- 
cuit boards, and the coding is 
done for you. This Micro-Dip 
switch from EECO (1601 E. 
Chestnut Ave., Santa Ana, 
Calif. 92701) is internally cod- 
ed for a BCD output on each 
of 10 positions. Price: $2.35. 


Digital tuner 


You can program up to 15 
stations for instant selection 
on the Revox digital AM/FM. 
tuner. And when you hear 
the music, that's a// you 
hear; exceptional specs virtu- 
ally eliminate noise, distor- 
tion, and alternate channel 
interference . . . and your 
cash. It's $1779 with Dolby. 


Timing calculator 
It's still called a pocket calcu- 
lator, but the type of pocket it 

fits in makes Sharp's 8061E 
different—a vest pocket. And 
there's room to spare since 
you won't need your vest 
watch; the calc keeps time 
on a 24- or 48-hour cy- 

cle. It's $40 with chain. 


Speaker you build 
One way to cut the cost of a 
stereo system is to build the 
speakers yourself. You can, 
with a kit from Intratec (Box 
17414, Washington, D.C. 
20041). At $250 a pair, each 
model 104aB is good to 100 
watts (eight ohms) using a 
midbass driver and tweeter. 


Computer with 
muscle 

Computers are normally used 
to increase our "brain pow- 
er." But Data General's 
Eclipse S/250 is being used 
by the U.S. Olympic Commit- 
tee to develop physical pow- 
er. Scenes from a high-speed 
film of an athlete in action (in 
this case, a discus thrower) 
are entered into the comput- 
er by tracing them off the 
screen with a light pen. The 
computer then creates a stick 
figure of the body move- 
ment, calculating velocity, ac- 
celeration, direction, and 
force. Using that to make 
changes, such as shifting a 
foot slightly or releasing the 
ball earlier, could (and did, in 
earlier trials) result in dra- 
matic improvement. 


Double dense 

A disk controller board for S- 
100 computers permits dou- 
ble-density recording to store 
twice the normal amount of 
info on a disk. Phantom boot- 
strap PROM will automatically 
bring up CP/M without affect- 
ing memory. It's $425, from 
Tarbell, 950 Dovlen PI., Car- 
son, Calif. 90746. 


\Nhats New 


FOR YOUR CAR 


BY ED JACOBS 


Striping kit 

Add decorative striping to 
your car, van, or truck with 
Trimbrite's Unistripe III kits. 
They're available in either 
black, silver, and white or 
dark blue, medium blue, and 
light blue combinations. The 
bands are five inches wide, 
22 feet long, and cost $10.79 
at auto-parts stores. 


Battery drill 

Versadrill is a quarter-inch 
drill that runs off the 12-volt 
battery in your car, truck, or 
RV. Two-stage reduction 
gearing is said to give suffi- 
cient power for sanding, pol- 
ishing, or grinding, in addi- 
tion to drilling. Varsity Acces- 
sories, 2a South Parade, Ox- 
ford OX2 7YB, England. 


Plug-in radio 

Tanga is a tiny, three-inch- 
wide radio that you can un- 
plug from your dash for theft 
protection, then plug into a 
console with its own speaker 
for home or office use. It has 
a six-watt output, and is 
available for FM, MW, and 
LW bands. Voxson S.p.A., Via 
di Tor Cervara 286, 00155 
Rome, Italy. 


Traction booster 

By slipping one Traction Aid 
under each driving wheel 
and slowly driving onto 
them, you can free a stuck 
vehicle in as little as 10 sec- 
onds, according to Six Wheel 
Drive, Box 273, Derry, N.H. 
03038. They're all-welded 
steel, cost $20.95 per pair for 
cars, ppd.; $45, trucks or RV's. 


DIY tool kit 


The Professional Tool Kit for 
weekend mechanics contains 
25 basic tools in a pocketed 
vinyl pouch, including spark- 
plug and tire gauges, oil-filter 
wrench, sockets, and ratchet. 
It's primarily for Omni and 
Horizon owners, and costs 
$39.95. Truecraft Tool, Box 
94009, Chicago, III. 60690. 


5-in-1 screwdriver 

A magnet in the shank of this 
Vaco 5-in-1 screwdriver holds 
the interchangeable bits in 
place. The five bits include 
common and Phillips types, 
plus the new “Torx” drive 
(inset) used on most U.S.- 
built cars. The hollow plastic 
handle stores unused bits. 
$6.40 at local stores. 


JANUARY 1980 | 101 


Micro 


componenis 


performance 
from small packages 


— big 


By C. P. GILMORE 
PHOTOS BY JOHN KEATING 


The age of miniaturization has finally 
hit hi-fi. About time. 

We're all impressed by quartz 
watches, pocket tape recorders, micro- 
processors that cram millions of parts 
on a chip the size of your fingernail. 
Then why in the hi-fi field do we think 
that bigger equals better? 

Whatever the reason, it's time to 
put the myth to rest. The new genera- 
tion of components you see on the fac- 
ing page gives superb performance 
from half-size packages. 


The micro world 


Some manufacturers call the new 
units minis, some micros. (We've in- 
cluded in this article only units whose 
largest dimension is less than one 
foot. But whatever you call them, 
they're packed with outstanding engi- 
neering features. For example: 

* The Mitsubishi M-TO1 tape deck 
has dual-capstan drive and logic-oper- 
ated solenoid control. You can jump 
from rewind to play instantly without 
the danger of snarling the tape. The 
M-F01 tuner uses quartz-crystal-con- 
trolled phase-locked-loop synthesized 
tuning—the most advanced technique 
available. 

* The Toshiba F15 gives digitally 
synthesized tuning, automatic or 
manual. It will scan üp and down the 
band, locking on stations it finds. Pre- 
set buttons bring in 10 different sta- 
tions instantly. Or the frequency of a 
station can be punched in directly on 
numbered buttons. “No tuner of any 
size or price does what this tuner 
does," says Peter Dyke of Toshiba. 

* LED displays are everywhere. 
Technics and Mitsubishi use them on 
thetuning indicator. Aiwa uses LED's 
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to indicate power levels; Mitsubishi, 
to indicate signal strength and the 
settings of the tone-control circuits. 

* Technics uses gold-plated back- 
panel contacts for sure, noise-free con- 
nection, and supplies similarly gold- 
plated cables. 


Making them little 


"There were a number of advances 
that had to be dealt with from an engi- 
neering point of view," says Fred 
Hartfelder of Mitsubishi. "A lot of 
them will later be used in our bigger 
components." 

The most significant had to do with 
the power amplifier. In general, the 
size of the power supply in a power 
amplifier is proportional to the output 
power. So power supplies had to be 
squeezed. Mitsubishi, which produces 
a powerful 70-watt-per-channel unit, 
chose what is called a cut-core trans- 
former. "It's 47 percent smaller than 
an equivalent conventional trans- 
former," says Leo Delaney. 

Toshiba, with a 40-watt-per-chan- 
nel power amplifier, solves the same 
problem with a torroidal-core device. 
And Technics, also with a 40-watt- 
per-channel amplifier, has gone to a 
special technique called a switching 
power supply. The 60-Hz line power is 
transformed into a 20,000-Hz square 
wave, which is then used to generate 
the voltages necessary to run the am- 
plifier. But the higher frequencies 
mean that the power transformer and 
capacitors can be considerably small- 
er than conventional ones. 

Tuner, preamplifer, and tape-deck 
design were easier. The main prob- 
lem: Magnetic fields of close-packed 
parts tend to couple unwanted signals 
from one circuit into another. Careful 
placement and shielding can over- 
come such problems. 


Massive heat sinks demonstrate micros’ 
big problem: getting rid of heat. Small 
units generate normal amount of heat but 
have smaller surface for heat radiation. 


In the marketplace 

Micro components, despite their vir- 
tues, have not been selling well. 
"Dealers still feel that Americans 
equate bigger with better," says Peter 
Dyke. "There's a certain status ele- 
ment involving customers that's al- 
ways there," says Jim Parks of Tech- 
nics. "Take a receiver. The more bells 
and whistles it has on it, the more at- 
tractive it is to the consumer at the 
point of sale." 

In fact, micro components have been 
thought of primarily as being de- 
signed for people with limited space. 

But as the specs show, these units 
have the same kind of performance as j 
full-size components in the same price | 
range. The four minis shown fall 
roughly into three price and perfor- 


Tiny, jewel-like exteriors conceal no-com- 
promise, state-of-the-art circuitry. New- 
generation micros show that big doesn’t 
necessarily mean better. 


mance ranges. Aiwa has gone for the 
lowest-price market with power out- 
0 watts per channel, and other 
ations somewhat below those 
of the more expensive units. Technics 
and Toshiba each produce a clean 40 
watts per channel without even 
breathing hard, and have superb 
high-fidelity specifications in all de- 
partments. Mitsubishi produces an 
astonishing 70 watts per channel and 
has truly superior specifications. Here 
are unit-by-unit details 
Pre-tuner 
(FM/AM) SA-C22 
$140 


Preamp 
SA-P22 
$210 


Aiwa 


Technics 


Toshiba 


Mi Wi M-FO1 (FM 
$340 


Advanced features such as digital fre 
quency display and LED signal-level indi- 
cator appear on Aiwa ST-R22 tuner, least 


offer tape decks to go 
Aiwa SD- 


Three makers 
with the micro series: the 


0. 
At such prices, micros aren't cheap. 


expensive line of true micros. Other 
makes offer digital synthesizer tuning, 
dual-capstan-drive tape decks, and more. 


So why should you buy a little one if 
you can get a big one for the same 
money? In a world of shrinking re- 

5, l'd put the question the other 
way: If you can buy a good little one, 
why buy a big one? 
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No space for ~ 
ahome office? — 


Create a 


room within 
aroom 


Diagonal corner in 
creases work space, 
puts everything within 
e reach in Westing: 
house ASD module 
Integral ghting is 
mounted above work 
space. Shallow draw 
ers, shelves are ideal 
for paper storage 


Desk, typing surface, 
and storage unit form 
compact U-shape; tall 
partition wall isolates 
office from rest of 


room in this setup 
from Hiebert. Such a 
nook is 

enough to fit into 
room of the home. 
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Integrated modular 
furniture, seen in today’s 
best-dressed offices, 

can fit in at home, too 


By ROBERT GORMAN 


For those of us who live in an ordi- 
nary-size house or apartment, one of 
the frequently missing marks of gra- 
cious, spacious living isa personal den 
or study, a place to get away from fam- 
ily clatter. A private area where we 
can do our own work, think our own 
thoughts; where papers can be kept— 
undisturbed. 

A separate room could solve the 
problem nicely. But what if you don’t 
have an extra room for every family 
member who would like one? For an 
alternative solution, you might take a 
closer look at today’s modular office 
furniture. 

An unlikely place to look? Not when 
you consider that much of today’s of- 
fice furniture is designed for modular- 
ity, flexibility, and better space utili- 
zation. These office “systems,” as 
they’re called, integrate walls, furni- 
ture, accessories—often even light- 
ing—to create handy, handsome pri- 
vate work areas within a larger room. 
Such an approach could be as useful at 
home as it is on the job. 

The partition walls that are the ba- 
sic element in these space-thrifty sys- 
tems link together in modular widths, 
heights, and depths. Storage enclo- 
sures and other accessories, all adjust- 
able and changeable, usually attach 
to special tracks or slots built into the 
walls. Desks and other work surfaces 
may hangon the wallsorbesupported & - t NES 
on pedestals. Most can be outfitted Two-sided desk with partition between ing screens cut noise transmissions and 
with rails to hold drawers (of various creates separate work spaces for husband adjust for more or less isolation from 

Continued and wife or for a couple of kids. Surround- room. Herman Miller makes this system. 


Short dividing walls give office occupant visual contact with 
shelves—some with integral task lighting—in this Herman Miller room, but hide desk top from view. This module from Alma is 
assemblage. Hang-on accessories can be raised or lowered. Fab- assembled from panels and corner posts; accessories hang on 
ric panels can coordinate office nook with rest of room. chrome standards. Panels come in oak veneer, fabric, or vinyl. 


Slender L-shape partition walls hold work surfaces, cabinets, 


JANUARY 1980 | "105 


Light fixture (top), concealed in cabinet 
when doors are closed, aims ambient 
light toward ceiling; task lighting illumi- 


~ that 


oe T m 


nates desk. Eppinger system is in Man- 
chester, N.H., federal building as part of 
HUD teston energy-saving office lighting. 


sizes) below. Joining and supporting 
methods permit quick assembly and 
knockdown without special tools. The 
partitions usually incorporate acous- 
tical material to reduce noise. 

Most desks and other hang-on ac- 
cessories can be adjusted up or down 
along the tracks in the walls, so an 
office system could grow with a grow- 
ing child or be refitted for a new occu- 
pant. And if you move, your mini-of- 
fice can move with you. 


Lighting designed in 

Many of these systems integrate 
clever combinations of general (ambi- 
ent) lighting and work-focused (task) 
lighting, in the form of hang-on lights, 
free-standing towers, or concealed 
shelf fixtures. These go a long way to- 
ward eliminating glare and shadows, 
and veiling reflections. 

In some offices such carefully 
planned integral lighting schemes 
have reduced lighting requirements 
from a traditional level of about five 
watts per square foot to as little as 1.5 
watts for equally comfortable illumi- 
nation. Tests have shown that the en- 
ergy saving (in reduced air-condition- 
ing load as well as lighting energy) 
can amount to about 30 percent. 

Along with integral lighting, most 
of these systems have built-in wiring 
channels. This banishes the rat’s nest 
of lamp cords, phone connections, an- 
tenna lead-ins, and loudspeaker hook- 
ups from your office setup. 

Designers of systems furniture 
have shown considerable ingenuity in 
adapting and combining new and tra- 
ditional material—solid and veneered 
woods, metals, plastics, fabrics, and 
others—to fit different tastes and bud- 
gets. But none of these systems is 
cheap. And some may be hard to come 
by because many manufacturers and 
distributors aim primarily (or exclu- 
sively) at the commercial market. The 
field, however, is growing rapidly, and 
you shouldn’t have trouble finding a 
system that meets your needs. Or you 
might adapt the idea for a do-it-your- 
self room within a room. us 


MAJOR SOURCES OF OFFICE SYSTEMS 

Alma Desk Co., Box 2250, High Point NC 27261; Amer- 
ican Seating Co., 901 Broadway N.W., Grand Rapids MI 
49504; A ational, Ltd., 595 Madi 

New York NY 10022; Eppinger re Inc. 

Park, Elmsford NY 10525 Giltspur Expo Industries, inc 
3225. Western Ave., Chicago IL 60608; Herman Miller, 
inc, 457 W. Washington, Zeeland MI 49464; Hiebert 
Inc., 23605 Telo Ave., Torrance CA 90505; JG Furniture, 
121 Park Ave., Quakertown PA 18951; Knoll Internation: 
al, 745 Fifth Ave., New York NY 10022; Myrtle Desk Co., 
High Point NC 27261; Steelcase, Inc., 1120 36th St. 
Grand Rapids MI 49501; Stow/Davis Furniture Co., 25 
Summer Ave. N.W., Grand Rapids MI 49504; Westin 
house ASD Group, 4300 36th St. S.E., Grand Rapids MI 


Carrels for everyone could be created in a 
small space at home, as well as in an of- 
fice. These systems from JG Furniture 
combine task and ambient lighting in the 
same integral fixture. Deep drawers at- 
tach under desks to hold files. 
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Need a home for your home computer? spire your imagination. Storage accesso many options. Panels that form partition 
This office setup from Steelcase could in- — ries, light fixtures shown are only a few of walls come in many heights and widths. 


AMAL sl | 


Bookcase doubles as dividing wall in Myrtle Desk Co.'s Environ- 
mental Module System. Tambour door on cabinet saves space. 
EMS line includes a variety of filing cabinets, bookcases, drawer 
units, and divided storage. Bookcase has integral lighting. 


Surround yourself with a U-shape wall topped by a low counter. 
Long desk inside provides large work space. Shelf, cabinet, and 
drawer space are all within easy reach. This system, from Her- 
man Miller, isolates office, but not user, from the room. 
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nti-theft 


devices 


that scream, lock, or 
stop your car dead 


Most are easy to install. 
Any of them could save 
your car, truck, or van 


By ROBERT GORMAN 


“You can’t stop a determined thief 
from stealing your car.” That’s what 
I’ve been told by cops, government and 
insurance specialists, locksmiths, 
even auto thieves themselves. You 
can’t stop them, but you can sure slow 
'em down—and that may be just 
enough to save your wheels. 

The trick: Add one of the new anti- 
theft devices now available for your 
car, truck, or van. The devices buy you 
time: All are designed to make it 
harder for a thief to enter, start, or 
drive your vehicle away safely and 
quietly. 

Just how that's accomplished —and 
how well each device works—depends 
on the system. More money generally 
buys better protection, but how you 
use it is equally important. Knowing 
what these new silent sentries will do 
for you and how well they will fit in 
with your driving habits is the real 
key to good auto security. And, de- 
pending on the type, they might even 
save you some insurance money as a 
bonus. 

The anti-theft systems fall into one 
of four categories: 

* Door and parts locks, to discour- 
age looters and strippers as well as 
drive-away thieves. 

* Reinforcers for ignition locks, 
which also disable steering, transmis- 
sion, or both. 

* Car stoppers, which kill the igni- 
tion or block the fuel line either before 
or after a thief hot-wires your car or 
starts it with a duplicate key. 

© Alarms that are triggered in var- 
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ious ways: unauthorized entry, wheel 
jacking, or a towing attempt. 

Singly, or in combination, these de- 
vices can provide reasonable protec- 
tion against the majority of rip-off at- 
tempts. Here are some you can in- 
stall—or have installed—and what 
they cost. 


Door and parts locks 


Police records show that up to 70 
percent of all stolen cars are taken by 
small-time, relatively unskilled oper- 
ators or youthful joyriders, many of 
whom seem to prefer older cars. 

To make a quick score, this class of 
thief will first usually look for an un- 
locked car, or risk a quick, furtive 
knob-pull with a bent coat-hanger. 
You can help protect against this just 
by locking your door. Don't laugh. The 
insurance-sponsored National Auto- 
mobile Theft Bureau says eight out of 
10 stolen cars were left unlocked; one 
out of five had keys in the ignition. 

And you can stop the coat-hanger 
user by replacing mushroom-cap door- 
lock buttons with inexpensive 
straight or tapered shaft buttons. Or 
look for a new type recently intro- 
duced by EMT Enterprises; it uses an 
anti-pull collar and sells for under $4 
a pair through new-car dealers. 

On the well-supported assumption 
that many quick-score thieves are 
more interested in your car’s contents 
and parts—tires, batteries, air condi- 
tioners, and the like—it could pay to 
look at other auxiliary locking de- 
vices. These include bolt-on trunk and 
hood chain locks, locking wheel lugs, 
and hardened-steel trunk-lock cover 
plates that you attach with one-way 
screws. They're fairly inexpensive 
and a cinch to install. 

Unfortunately, pull-proof door-lock 
buttons don't keep out the determined 


HOOD AND TRUNK 
CHAIN LOCKS 


thief. And once inside, he can defeat 
most steering-column locks in a cou- 
ple of ways. One professional group 
works with sets of master or duplicate 
keys (sometimes obtained from im- 
pressions made by parking atten- 
dants). Others use brute-force tools to 
twist or break the lock cylinder or to 
yank it out so the mechanism can be 
worked with a pick or screwdriver. 
Yanking is commonly done with a 
wrench or with tools designed to bang 
out the cylinder. Some government 
experts have been urging Detroit to 
counter this with a lock cylinder that 
breaks apart when a strong twisting 
or pulling force is applied. Ford adopt- 
ed this type of cylinder a couple of 
years ago. In Massachusetts, where 


new Ford products had been running 
four to 12 times ahead of other Amer- 
ican makes in the rip-off sweepstakes, 
it quickly fell into a tie with its com- 
petitors. 


Ignition-lock “hardeners” 


You can make it tough for a dupli- 
cate-key or brute-force thief by clamp- 
ing a steel collar around the steering 
column and ignition lock. An effective 
collar costs about $35. 

You can get similar protection for 
even less money with a pair of steel 
rods bent at opposite ends and joined 
through a sliding lock. You hook one 
end through the steering wheel and 
the other around the brake pedal, 
then lock the rods to jam them both. 


Most mechanical reinforcers like 
these use nonstandard, pick-resistant 
locks with keys a master-key thief 
isn’t likely to have. But they have 
some drawbacks: You must remem- 
ber—and take the time—to apply 
them each time you leave your car, 
and you must find a place to keep 
them while you drive. That could 
make them almost as inconvenient for 
you as for a thief. 

A neater approach that appears to 
be quite effective is Lock Technology 
Corporation’s "Hi Security” steering- 
column lock. It simply replaces the 
original lock (in GM, AMC, and 
Chrysler tilt-wheel models) with a 
pick-resistant Medeco cylinder. It has 

Continued 


TRUNK-LOCK COVER PLATE 


IGNITION KILL SWITCH 


ANTI-PULL DOOR LOCKS 


ULTRASONIC ALARM 


FUEL-LINE CUTOFF J 
AJ 


SIREN DOOR- 
SENSING SWITCH 


MECHANICAL HOOD LOCK 


TILT SWITCH 


LOCRABLE WHEEL LUGS 


MONITORING MICROPHONE 


STEERING-COLUMN 
COLLAR LOCK 


W) FENDER SWITCH 


WHEEL-BRAKE PEDAL BAR 


CURRENT-SENSOR BOX 
FROM BATTERY 
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0000 


Ungo Box uses a digital circuit to thwart car thiefs. System will 
deactuate only when correct code is entered. 


Sonic Sentry box uses ultrasonic sound waves to detect an in- 
truder. Delay allows you to enter without sounding alarm. 


azia e le 


Chapman lock mounts under dash and ex- 
tends through firewall. Mechanism locks 
hood and cuts power to coil on engine. 


a key-slotted but free-turning hard- 
ened-steel facing that’s immune to 
twisting force and can put up a good 
fight against most brute-force pullers. 
The lock assembly, with two keys, 
lists for $39.95; installation by a qual- 
ified locksmith could easily double 
that cost. 


Car stoppers 


One way to beat a thief is to throw 
him a curve—with a system that’s 
harder to overcome because he doesn’t 
know it’s there. 

Ignition-kill switches are both sim- 
ple and effective. You can install one 
yourself for the cost of an adequately 
rated toggle or button switch and a 
couple of feet of wire. Hide the switch 
where you can reach—but not see—it, 
and wire it to chassis ground to short 
the points. 

More sophisticated kits, such as the 
$19.95 Gard-A-Car, have built-in de- 
lays that let a thief start a car—and 
then stall it eight or 10 seconds later 
unless the hidden switch is properly 
thrown. The claimed advantage of the 
delay is that since he’s already into 
traffic a thief won’t take the time to 
hunt for the switch or figure out a way 
to overcome it. 

Fuel-line cutoffs are even more like- 
ly to feature such delays. Among the 
newer models is a Swiss-made electri- 
cally operated valve package distrib- 
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Theft Alert system transmits silent alarm 
to the pocket pager that you carry. Once 
notified, you then call the police. 


uted in the U.S. by Stanton Corpora- 
tion for $39.95. It arms itself automat- 
ically when you kill the ignition; to 
start your car you must key to “on,” 
then press the hidden button. If you 
don’t, you (or a thief) will run out of 
gas in a block or two. 

Auto-squad cops I talked to seemed 
to favor delayed-action disabling de- 
vices of this kind. So do insurance 
companies, many of which have lately 
been offering up to 15 percent dis- 
count on your comprehensive premi- 
um for a properly installed system. 
Their enthusiasm, however, wasn't 
shared by any of the security-system 
installers with whom I talked. Install- 
ers—who must also listen to kick- 
backs from their customers—say 
they've had complaints from drivers 
who have stalled out in awkward, 
sometimes dangerous, places. 

That doesn't mean professional se- 
curity people are against ignition-kill 
outfits. Virtually all I spoke to say 
that car safety ought to start with the 
long-familiar Chapman hood lock or 
some equivalent. The Chapman uses a 
hard-to-pick round-key lock that ex- 
tends through the firewall. When you 
engage it (by pressing the lock but- 
ton), it disables the ignition at the 
coil, making it impossible to start the 
engine even with a duplicate or 
master key. And to frustrate under- 
the-hood hot-wiring, the system me- 


chanically locks the hood. The Chap- 
man hood lock lists at $125. 


Alarms 

You may get a lot of arguments 
about what kind—or even whether— 
alarm systems make it harder for a 
thief to steal your car. All present 
types are supposed to sound off before 
a crook can enter your car or get under 
the hood to disable the alarm. They do 
this with various degrees of electric or 
electronic sophistication, and range 
from the cheapest to the most expen- 
sive security items you can buy. 

Although many shrilling alarms 
often go unheeded by neighbors or the 
police, even a pro feels uneasy about 
the noisy attention. "Maybe neigh- 
bors don't react to alarms in some 
neighborhoods," said one experienced 
auto-squad cop, "but crooks do." 

In residential neighborhoods, 
though, it's not uncommon for crooks 
to deliberately set off alarms two or 
three times a night until, in disgust, 
you silence the system and allow him 
to take your car in undisturbed quiet. 

Still, if you can match his patience 
or endurance, an alarm could tilt the 
odds in your favor. Most 
triggered in one of two way 
hood, trunk, or door is opened. One 
method simply uses separate switches 
you must install at each opening. The 
other senses current changes that oc- 
cur when an opened door turns on a 
courtesy light, for example, or when 
the ignition is switched on. Both types 


should—and nearly all do—provide re- 
set mechanisms that silence the 
alarm after a few minutes to save the 
battery. 

Current-change systems are the 
easiest to install, since most of the 
needed wiring is already in place. 
However, they're said to be prone to 
false alarms. 

Installation of direct-wired systems 
needn't be much more difficult, since 
you can usually hook onto existing 
door switches. But additional switch- 
es, plus new wiring, would be needed 
for either system to protect un- 
switched openings. 

The controls on all wired systems 
and on most current-change types al- 
low you to extend your protection by 
adding mercury, swing-arm, and oth- 
er types of vibration and tilt switches. 
Probably the most sophisticated—and 
costly—outfit to build in this type of 
sensor is the Techné Electronics’ 
Ungo Box ($329 plus installation). Its 
motion detector is hooked to an elec- 
tronic memory that remembers the 
car's last attitude, whether on a hill or 
level ground. Any change caused by 
coasting, drive-away motion, or an at- 
tempt to jack or tow your car triggers 
the alarm. 

Similar protection is claimed for the 
Vibra-Larm (Adalarm Co., $74.95 
list), which is said to detect any move- 
ment caused by opening the trunk, 
hood, or any door; removing a wheel; 
or tampering with an attached item, 
such as a trailer. Depending upon the 
sensitivity, however, all can cause 
havoc on a windy day. 

Another new type of sensor, which 
doesn't depend on door switches, is an 
ultrasonic motion detector that's simi- 
lar to the residential units. Delta 
Products' Sonic Sentry reacts to the 
physical movement of an intruder in a 
closed car. 

Other types of car-alarm sensors in- 
clude tiny glue-on microphones that 


listen for the sounds of forced entry. 
They're part of Page Alert Systems' 
Silent Alarm, which includes an in- 
car radio transmitter and a pocket 
beeper that you carry with you. A $99 
half-watt outfit has a claimed half- 
mile range; a one-watt transmitter, 
said to have a one-mile range, lists for 
$149.95. The distinctive feature of a 
silent alarm is that it alerts you with- 
out scaring off the thief. 


Active or passive? 


However they're triggered and 
wherever they sound, car alarms are 
armed in a number of ways from in- 
side or outside the car. Passive alarms 
set themselves automatically when 
you key to “off,” then allow you from 
about 40 seconds to two minutes to 
step out and lock up, Opening any 
door except the driver's should sound 
the alarm instantly. Driver-door 
switches are programmed to give you 
from about seven to 20 seconds to cut 
off the noisemaker when you enter. 
Passive alarms are now being offered 
by General Automotive Electronics, 
Monroe Timer, and Landia, Inc. Lan- 
dia’s Bearcat model is triggered by 
motion as well as by door switches. All 
these alarms run about $150, in- 
stalled. 

Many insurance companies will 
now give you a break on your premi- 
um if you install completely passive 
security devices. The discount is usu- 
ally five percent for an ignition-kill or 
fuel-line cutoff. As defined by insur- 
ance companies, these devices must 
set themselves without requiring any 
additional action on your part. 

If you don't want to let this possible 
discount determine your choice, you 
might look at some alternate arming 
systems that are pretty hard to ne- 
glect. Among these arethe Ungo Box's 
beep that reminds you to dial in your 
unique security code. Or there's the 
new, so-called "keyless" alarms (made 


by Universal Security and others) 
that you engage just by tapping the 
brake pedal before you get out. 

There's also much to be said for the 
less expensive, more familiar exter- 
nally keyed alarms. These start at 
about $50 and can give you protection 
as good as any—provided you train 
yourself to use them. 

Most of the lower-cost keyed outfits 
require you to mount a switch in the 
fender or another handy place. But 
this job—and the rest of the installa- 
tion—is well within the scope of most 
do-it-yourselfers. Many people believe 
that the visible alarm key is, in itself, 
a deterrent to carnapping. 

Advocates of externally keyed 
alarms are also prone to take potshots 
at passive and inside-keyed systems 
on other grounds. Most of them don't 
give you much protection against 
crooked parking attendants. And 
their brief exit delays could put a rush 
on back-seat passengers. 

Should you decide on a fender- 
keyed system, however, keep one pos- 
sible problem in mind: Many exposed 
key switches are subject to false- 
alarming and other malfunctions, es- 
pecially in wet or cold weather or 
when passing through car washes. 
Look for one of the newer lock 
switches that use a clipped-on mercu- 
ry capsule to make or break contact; 
they're more reliable. 

Perhaps most important, don't 
count on any single type of security 
device to protect you against the infi- 
nitely varied dangers posed by joy rid- 
ers, quick-hit vandals and strippers, 
or professional steal-to-order thieves. 
But if you decide that your car and 
your peace of mind are worth it, to- 
day's hardware should persuade even 
the best of the bad guys to leave your 
car alone. us 


rentheses signify the type(s) of secu- 
lable from each manufacturer or dis- 
tributor: (1) mechanical locking and anti-stripping hard- 
ware, including ignition switch, trunk, hood, wheel pro- 
(2) active (key- or switch- 
ff; (3) passive cutoffs; (4) 
( 2 pero or silent 


ton, o! sors. 
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Box 1147, Grand Junction CO $1510 (4,7); EMT Enter: 

5, St. Louis MO. 63166 (1); Car, 
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nolulu HA 96813 (3, 4, 7); Techné ronics, 
Box 5760, San Jose CA 95150 (4, 7); Universal 
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Conventional but reliable is the siren with 
door-entry switches such as this system 
from Radio Shack. 
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Water 


injection 


improves small 


car’s performance 


and mpg 


By RAY HILL 


With rapidly rising gas costs, fuel 
shortages, and inflation nibbling at 
our heels, fuel-efficient engines are 
becoming increasingly important. Not 
only are the auto makers saddled with 
the task of making their cars get bet- 
ter mileage, they must also meet in- 
creasingly demanding emissions re- 
quirements. 

As a result, many engines today 
knock, performance is a shadow of 
what it was a few years ago, and, if 
you've got an older car with a high- 
compression engine, you may not be 
able to run it because you can't find 
gas with a high enough octane rat- 
ing. 

Water injection is a solution for 
these problems. It lets you run a high- 
compression engine with lower-octane 
fuel, resulting in improved perfor- 
mance and mileage. So claims Pat 
Goodman, president of Goodman En- 
gines in Winchester, Va. 

Goodman backs his claim with a 
Ford Fiesta he has modified. It has a 
13:1 compression ratio; water injec- 
tion to prevent detonation; a reworked 
head and different pistons to induce 
more turbulence of the fuel-air mix, 
for more efficient burning; and a 
slightly different camshaft (changed 
partly to prevent the valves from hit- 
ting the pistons at TDC, and also for a 
slight performance gain). Body, drive 
train, and wheels are stock. 

The Fiesta was tested at Transpor- 
tation Research Center (TRC) in East 
Liberty, Ohio. TRC is the largest inde- 
pendent vehicle-testing facility in the 
U.S. Owned by the state of Ohio, the 
huge 8100-acre test center does every- 
thing from crash-simulation testing 
to fuel-economy testing for the trans- 
portation industry. 
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Engine compartment looks normal except for extra plumbing. 


Hose held by hand is water hose to nozzle. Hose (arrow) goes to 


Goodman's Fiesta was first tested in 
stock form at TRC. Then the engine 
was modified and TRC tested it again. 
Mileage improved, performance in- 
creased, and emissions tests were 
passed with a comfortable margin. 

When I first heard all this, I was 
naturally curious to learn more. So I 
arranged to drive the car, and to take 
the engine apart and photograph it. 

The drive was intriguing. We 
topped off the gas tank at a local gas 
station in Winchester, and then I 
drovethe car 81 miles and topped it off 
again. The tank took an even two gal- 
lons. That averages to 40.5 mpg. Much 
of the drive was over crooked moun- 
tain roads. And I made no attempt at 
fuel economy, letting my heavy foot 
have its way. 

Performance is snappy. I jabbed the 
accelerator several times in low and 
second gears and the tires spun imme- 
diately. TRC testing bears this out. 
Pat Goodman showed me the test data 
sheets. With the car stock and a 430- 
pound payload (including the driver), 
zero—60 mph was 17.3 seconds. With 
the modified engine, zero- 60 time was 
a livelier 15 seconds (again with a 
430-pound payload). 

Mileage also improved between 
testing sessions at TRC. Mileage was 
measured in two ways: on a chassis 
dyno and on the track. Dyno proce- 
dure was identical to the EPA city- 
driving schedule, which also mea- 
sures emissions. In stock condition, 
the Fiesta got 30.17 mpg. Modified, it 
got 34.05 mpg. Both times it passed 
emissions requirements easily. 

Track testing, which is closer to 
real-world use, but is not used by the 
EPA, was the SAE J-1082 fuel-econo- 
my test procedure. This consists of 
three modes of driving, supposedly 
simulating urban, suburban, and in- 


pressure gauge on the dash. Other hose is from AIR pump. 


terstate driving conditions. Basically, 
the urban cycle consists of a lot of stop- 
and-go driving with speeds up to 30 
mph. The suburban cycle has fewer 
stops with speeds up to 60 mph. And 
the interstate cycle has no stops, and 
an average speed of 55 mph. 

Before modification, the Fiesta got 
21.97 mpg, urban; 36.80, suburban; 
and 37.04, interstate. After modifica- 
tion the figures were 25.27, 36.66, and 
39.70. The reason for the lack of im- 
provement in the suburban cycle, says 
Goodman, was that water vapor going 
over the brass throttle shaft in the 
carb cooled the shaft, which in turn 
cooled the electric choke, causing it to 
close partially—and at those speeds 
there was not enough engine heat to 
overcome the cooling effect of the 
water on the shaft. 

"This happens only between 20 and 
50 mph under mild acceleration," 
Goodman says. "We had not encoun- 
tered this particular combination of 
temperature and driving conditions 
before, so we didn't realize it could 
happen. It could easily be cured, 
though, with the addition of a hot- 
water line running to the choke 
element." 


How the system works 

Basically what happens in the en- 
gine is that an ultra-fine water mist is 
sprayed through a special nozzle 
mounted above the carburetor throat, 
where it is sucked down into the rejet- 
ted carb and into the combustion 
chambers, along with the fuel-air 
mixture. As the water-mist turns to 
steam in the combustion chamber, it 
lowers the peak combustion pressure 
and extends the pressure time to- 
ward the bottom of the stroke, which 
also keeps the nitrogen oxides down 
(see drawing). 


How the water-injection system works: 
Electric fuel pump pushes water into float 
bowl, then through adjustable needle 
valve (from a model-airplane engine) and 
a one-way valve (which keeps line to noz- 
zle full at all times). Air Injection Reaction 
(AIR) pump still pumps air into exhaust 
manifold, but a restriction has been added 
to reduce the amount of air to the exhaust 
manifold. The lower volume of air needed 
is due to the lower temperature of the gas- 
es entering the manifold. AIR pump also 
pumps air into the atomizing nozzle 
through a one-way valve. Without a valve, 
at trailing throttle and high rpm, vacuum 
in the exhaust manifold could suck in 
water. One-way valve here is from oxy- 
acetylene welder. Air pumped through 
nozzle draws water through nozzle's 
many tiny orifices. The amount of water 
spray increases in proportion to the rate 
of air flow through nozzle. Manifold vacu- 
um draws the spray through the carb and 
into the cylinders. 


Modified Fiesta engine's head gasket is 
removed by Pat Goodman. His shop, 
Goodman Engines, builds racing engines 
and does automotive machine work. 


An air-injection pump (standard on 
the Fiesta and many other cars) is 
used to control the amount of water 
spray leaving the nozzle above the 
carb. Because the pump normally sup- 
plies more air pressure as engine load 
increases (also the condition in which 
more water is needed to prevent deto- 
nation), it's an ideal device for control- 
ling the volume of water spray. 

The combustion chamber has been 
designed to increase turbulence and 
therefore provide better fuel-air mix- 
ing. The chamber is comprised of 
matching depressions in the piston 
and cylinder almost entirely under 
the exhaust valve (see photo). 

Goodman says the car can be pro- 
voked to detonate, if you run it at full 
throttle for a long while and get the 
pistons really hot. "But that's a devel- 
opmental problem," he says. "If I had 
oil spray on the piston, as Mercedes 
does in its turbocharged diesel, or a 
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With top off air cleaner and a shop air 
hose connected to the special nozzle, a 
fine mist is produced by nozzle. In car, 
nozzle pressure ranges from 22-10 psi. 


spark sensor like the one on the Buick 
Regal, I wouldn't have it." 


Advantages of the system 


Increased performance, better mile- 
age, and the ability to burn low-octane 
fuels without knocking are the bene- 
fits of this system, Goodman claims. 
"What you're doing," he says, "is us- 
ing water as a replacement for lead. 
Lead will give you the power, because 
it will let you run a higher compres- 
sion ratio, thereby increasing the en- 
gine's efficiency. But lead is a harmful 
pollutant, and the higher tempera- 
tures produce nitrogen oxides, anoth- 
er no-no. Water not only takes the 
place of lead; it also serves the func- 
tion of EGR (exhaust gas recircula- 
tion), which is disconnected on Good- 
man's Fiesta. The result is more fuel 
economy: Running at a higher com- 
pression ratio, the engine uses less gas 
to do the same amount of work." 


Top half of combustion chamber is in cyl- 
inder head (recessed area around ex- 
haust valve and spark plug). Top of flat 
piston has matching recession. 


"Thermal efficiency in modern en- 
gines is almost nothing," he contin- 
ues. "If car makers raised compression 
and used water injection, they could 
use a smaller engine, increase engine 
efficiency, and at the same time enjoy 
the benefits of a smaller, lighter car. 
Less weight not only translates into 
more mileage; it means that produc- 
ing the cars would use less energy." 

Why has water injection, which has 
been tried many times before, not 
been widely adopted? 

The main problem, Goodman be- 
lieves, has been finding a way to me- 
ter the water properly. "At 60 mph," 
he says, "this engine burns five or six 
quarts of gas and six ounces of water 
in one hour. It's hard enough to make 
the carburetor meter five quarts of gas 
in an hour, without trying to make it 
meter five or six ounces of water." 

His two key solutions: the special 


[Continued on page 159) 
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Finishin 
plywood 


like the pros 


Careful preparation and 
the right ply for the job 
spell success 


By PAUL BOLON 


Many home craftsmen have buried a 
perfectly constructed project under a 
poor finish. A professional cabinet- 
maker devotes as much attention to 
finishing as to construction. In fact, 
because the type of finish will influ- 
ence the choice of materials and con- 
struction details, it’s usually included 
in the first stages of planning. 

Planning the finish is particularly 
important when you're working with 
fir plywood, where wild grain and ex- 
posed edge plies can create special 
problems. And a bonus comes with 
any good finish on plywood: It not only 
enhances the appearance of your 
project, but with properly sealed and 
protected panels, the finish will ex- 
tend the project's life. (A fine finish 
will also impress the judges of PS's an- 
nual plywood contest. For rules and 
entry coupon, see PS, Nov. '79. They 
will be reprinted in next month's is- 
sue. Deadline for entering the contest 
is March 1.) 

Where do home craftsmen slip up in 
finishing? Most often either the wood 
is not thoroughly prepared for the fin- 
ish or the choice of finish is wrong. To 
complicate matters, there seems to be 
a limitless variety of finishing prod- 
ucts, and the manufacturers’ labels 
indicate that most of the products are 
okay for almost every job. But by ob- 
serving some simple steps in prepar- 
ing plywood and using specifically 
recommended finish products, you can 
follow a foolproof route to obtaining a 
great finish. 

To minimize work, bring home the 
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best possible sheet of plywood from 
the lumber yard and handle it careful- 
ly throughout construction. At the 
lumber yard, give the faces and edges 
of each piece a quick examination be- 
fore accepting. It makes no sense to 
buy extra work repairing damage 
from handling. 

If you're buying plywood for a furni- 
ture project and planning a natural, or 
clear, finish, you'll want a sheet with 
an attractive, close grain pattern. Fir 
plywood's grain pattern is too wild to 
be attractive with a clear or stained 
finish, except in special applications. 

Overlaid, or resin-coated, plywood 
will save labor if you plan to paint 
your project. Overlaid plywood is 
ready for painting and requires no 
sanding or other surface preparation. 
Textured plywood (board-and-batten 
or rough-sawn, for example) also 
needs no surface preparation, wheth- 
er stained or, for an unusual effect, 
painted. 


Care and preparation 


If you must store plywood before us- 
ing it, avoid exposure damage by 
putting it in a cool, dry place away 
from sunlight and weather. But get 
that first finishing coat on as soon as 
possible after your project is built; 
there's a definite relationship be- 
tween the performance of the finish 
and the time the raw wood has been 
exposed. 

The American Plywood Assn. rec- 
ommends that all edges of plywood be 
sealed to minimize warping. Edge 
grain of plywood is the same as the 
end grain of lumber: It absorbs and 
loses moisture faster than the surface. 
(To seal wood means to cover or fill the 
pores and surface, creating a coating 
impermeable both to humidity and to 
the oils and chemicals of the wood. 


These oils might otherwise dissolve 
through a finish coat and discolor it. 
Commercial sealers are clear, fast- 
drying products. Urethane varnish 
and oil-base paints are also effective 
sealers.) To seal the blind edges of ply- 
wood before construction, stack the 
plywood pieces together with the ends 
flush and apply sealer to them all at 
once. If your interior joints and blind 
edges are glued as well as fastened 
with nails or screws, the glue will seal 
the edges. The exposed edges can be 
sealed when the rest of the product is 
finished. 

Exposed edges can also be covered 
with strips of veneer, which come in 
rolls available at lumberyards and 
hardware stores. The veneer is usual- 
ly glued to the plywood with contact 
cement. But you can also buy rolls of 
veneer with preapplied adhesive 
backing. Wood moldings are available 
in several woods and many decorative 
designs to accent edges. Moldings are 
usually glued and nailed on. 

After your project is assembled, all 
dents, countersunk nail and screw 
holes, and voids in the edge grain 
should be filled with wood putty. Also, 
fill all knots, pitch streaks, and sap 
pockets, and apply a coat of sealer 
over the area. If you plan a clear fin- 
ish, use a putty that matches the color 
of the wood. Plaster spackling works 
well for indoor projects that are to be 
painted. The surface must be com- 
pletely smooth before applying any 
finish. 

For handsome and long-lasting re- 
sults, immediately prior to brushing 
on any liquid finish, plywood should 
be sanded lightly with 180- or 220-grit 
finishing sandpaper and the dust 
cleaned off. Putty repairs can first be 
sanded with 150-grit sandpaper. 

Continued 


T-molding fits neatly into a saw kerf cut in 
the edge for well-anchored edging 


Adhesive-backed, peel-and-stick wood 
veneer is the easiest method to use for 
finishing plywood edges. 


Cork is functional option as surface treat- 
ment for plywood. To mask the exposed 
edges of the sandwich, decorative T- 
molding is pressed and glued into a saw 
kerf (see above]. 


Plastic laminate as plywood surface treat- 
ment should be aligned, using dowels as 
spacers after contact cement has set. 


JANUARY 1980. | 115 


p w— 
Sturdy brass-plated corners or double-L's 
are ideal for sprucing up a finished project 


m vM 


like this toy box. They protect plywood 
corners from chipping, too. 


Panel molding glued and nailed on an ex- 
posed edge provides an attractive lip. 


If you plan a natural finish and 
there are scratches that require 
heavier sanding, you can begin with a 
coarser paper, say 100 grit. Once the 
mars are smoothed by the coarse pa- 
per, resand with finer grits in steps 
not exceeding two grit sizes per step. 
For instance, if you began with 100 
grit, successive sandings with 120 and 
140 are required before that final 
light sanding that preceeds the finish. 
Edges require block sanding, begin- 
ning usually with an 80- or 100-grit 
paper. Be sure to sand off glue spots 
around joints. 


Interior finishing 


Two coats of most finishes are ade- 
quate, three are better. Any exposed 
edge grain should be given an extra 
first coat. Between finish coats, touch- 
sand with 220 sandpaper. Interior and 
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Decorative molding can be stained to 
match the surface, for a carved effect. 


hidden surfaces should have a single 
coat of finish to seal them. 

Oil-base paint is recommended for 
interior projects. Not only does it 
produce a durable and easily washed 
surface, but most oil-base paints are 
self-priming, which saves buying two 
products. Two coats of paint required 
can be brushed, sprayed, or rolled on. 
For most projects you will want the 
shiny finish of a semigloss or high- 
gloss enamel paint. 

Some high-gloss enamels are rela- 
tively thin-bodied. These need a 
heavier-bodied priming coat that will 
produce a smooth surface with a sin- 
gle application. This avoids repeated 
coatings of the thinner enamel. Tex- 
tured plywood may be finished with 
latex paint for indoor projects. 

Frequently, spots that need addi- 
tional filling or spackling appear after 


the first coat of paint is applied. Fill 
them, sand, and cover only the repair 
with one or two coats of paint prior to 
the project's final coat. For the most 
natural-looking finish on regular or 
textured plywood, apply two coats of 
clear sealer. Sealer comes in a range 
of flat to high-gloss finishes. And bear 
in mind: Exposed, well-sanded edge 
grain or quality plywood can look fine 
with just a clear sealer, if this effect is 
compatible with the design of the 
project. 

If your project has repairs or grain 
not attractive enough for a clear fin- 
ish, but you wish to have some kind of 
natural finish, there are two solu- 
tions: The easiest method is to darken 
the wood with a mixture of companion 
stain and a clear, nonpenetrating 
sealer. Practice on scrap to get the de- 
sired amount of color in the sealer, 
and then mix enough for one coat. 
Final coats should be clear sealer. 

Another way to mellow the grain 
requires whitening the wood with pig- 
mented resin sealer. The longer this 
sealer is left on the wood, the whiter 
and more opaque it will finally be. For 
even coverage, wipe all excess off 
while it's still wet. After it's dry, apply 
clear sealer and finish off the work 
with a coat of satin varnish or brush- 
ing lacquer. 

Stain alone is rarely the way to fin- 
ish an indoor project. It often does not 
obscure a wild grain at all (it may 
even accent it), and it has a dull sur- 
face. Changing fir to mahogany is a 
kind of alchemist's trick, and the re- 
sults look like colored fir rather than 
mahogany. 


Exterior finishing 


For textured plywood siding you 
may want to try an exterior semi- 
transparent (often called penetrating) 
stain. It will penetrate the surface but 
allow the desirable grain and texture 
to show through. Oil-base stains are 
recommended. If you prefer to empha- 
size the texture alone, use an opaque 
stain that will obscure both knots and 
repairs. Use a brush to work the stain 
into the wood. Properly applied, both 
semi-transparent and opaque stain 
produce a surface that will weather 
and refinish without preparation. 
There are also clear sealers for outside 
projects. 

To paint your exterior project, select 
an acrylic-latex exterior house paint 
with companion primer. This mini- 
mum two-coat system (one coat prim- 
er, one top coat) is essential. The prim- 
er is always the most important of the 
two. To avoid later difficulties, a 
stain-resistant primer is a must. Two 
top coats will give significant im- 
provement to the life and performance 
of the finish. 


How to make the most of 


new-generation 
particleboard 


Dramatically textured waferboard has a variety of looks, depending on the finish. The panels come lightly sanded or unsanded. 


It’s great stuff—if 
you handle it right. 
Second of two parts 


By FRANKLYNN PETERSON 
and JUDI R. KESSELMAN 


As the price of lumber soars, more 
home carpenters are turning to the 
new particleboards. And lower cost 
isn't their only attraction. As PS re- 
ported last month, lab research has 
developed some exciting new prod- 
ucts, including the handsomely tex- 
tured waferboard shown here. And old 
standbys such as hardboard and the 
original pressed-sawdust type of par- 
ticleboard are being used in a variety 
of new ways. 

In today's construction industry, 
there are several well-defined areas 
where manufactured woods—hard- 
board, particleboard, and  wafer- 
board—are used. But there’s a prob- 
lem. Do-it-yourselfers who grew up 
knowing instinctively how to work 
with pine boards and plywood don’t 
always know how to use the newer 
manufactured boards. Since the pro- 
fessional construction market con- 
sumes almost all of their existing out- 
put, particleboard manufacturers 


(with the exception of the Masonite 
company) have not yet concentrated 
on supplying do-it-yourselfers with 
detailed information. So we've sur- 
veyed manufacturers and large users 
of particleboards and combined their 
advice with our own experience in us- 
ing these products. 

We've extracted guidelines from in- 
dustry literature and cross-checked 
them against building codes. The 
prices quoted are for four-by-eight-ft. 
sheets as listed in the catalog of a 
large Midwestern building-supply 
dealer. Mills generally manufacture a 
wider variety of sizes, but these usual- 
ly require a special order. 


Versatile hardboard 

Often known as Masonite, one of its 
trade names, hardboard is a tough, 
economical, and easy-to-finish prod- 
uct. It's used for drawer bottoms and 
separators, cabinet backs, sliding cab- 
inet doors, underlayment for rough 
but structurally sound floors, and 
wherever a relatively flexible materi- 
aliscalled for. Tempered hardboard is 
suitable for exterior applications such 
as fences, windbreaks, and soffits. 

Some hardboard siding panels are 
rated by local building codes for nail- 
ing directly to studs without any addi- 


tional sheathing. And the familiar 
prefinished wall panels are often ade- 
quately fire-rated and strong enough 
to use instead of plaster or gypsum 
board. 

A %-in.-thick sheet of hardboard 
costs about $4.50; a '4-in. sheet, $6.25. 
Also available are four-by-four-ft., 14- 
in.-thick pieces for underlayment for 
about $2.80. 


Economical particleboard 

A medium-strength, very inexpen- 
sive building material, the original 
type of particleboard is used almost 
exclusively in interior applications. 
The mobile-home industry uses it 
extensively for floors and other struc- 
tural units, though home craftsmen 
have used it only for underlayment 
until recently. But, now, many have 
discovered its value for shelves, cabi- 
nets, desks, and counter tops [PS, Dec. 
°72). Because of its bland tan appear- 
ance, most people either paint it or 
cover it with Formica, vinyl, or wood 
veneers. 

A %-in.-thick interior-grade sheet 
of particleboard costs about $10.50. 
It's $13 for a %-in. sheet, and $14.50 
for a %4-in. one. For about $16 you can 
get %-in. sheets graded for exterior 

Continued 
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1 Green resin stain 


2 Orange wiped finish 


3 Purple two-tone 


4 "Hot pink" two-tone 


6 Deep red two-tone 
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Unusual wall units, made from wafer- 
board panels, are finished with a thinned 


Waferboard panels transform ordinary 
doors into a dramatic entrance. A subtle 
wiped finish enhances textured panels. 


Dazzling spectrum of finishes (left) shows 
only a sample of waferboard possibilities. 
For the first finish, apply one coat stain, 
and wipe down with a clean rag to even 
out color. Next finish takes a coat of 
thinned orange enamel (two parts to one 
part thinner). Wipe till wafers show plain- 
ly. For two-tone effects, base coat must 
dry for three days before wipe coat is ap- 
plied. The purple two-tone takes one coat 
of thinned (3:1) purple enamel and a wipe 
coat of purple paint thinned to same pro- 
portions. Hot pink requires one coat of 3:1 
thinned violet enamel, and a similarly 
thinned coat of vermilion paint. For the 
antique-white finish, apply two coats of 
interior, low-luster white enamel. The 
wipe coat is a mix of one ounce raw um- 
ber and one pint slightly thinned white 
paint. The red two-tone takes one heavy 
coat of high-gloss red enamel and a wipe 
coat of black enamel mixed with equal 
parts thinner. All finishes are for interior 
use. The most protective exterior finish is 
a good-quality exterior paint. 


wood-tone enamel, wiped down to high- 
light the chips. (See directions below.) 


use. Particleboard also comes precut 
in useful sizes and as shelves ($2.50 
per %-in.-by-12-in.-by-eight-ft. piece) 
and stair treads (50€ per linear foot). 


Intriguing waferboard 


The wild, though tamable, pattern 
of wood chips is not waferboard’s only 
attraction. It’s much less expensive 
than interior AD plywood and compet- 
itive with most exterior siding and in- 
terior wall paneling. 

Most building codes have accepted 
waferboard as a substitute for ply- 
wood sheathing on roofs and walls. 
The price is steadier than that of al- 
ways fluctuating plywood, which 
means waferboard is sometimes a dol- 
lar or two cheaper than CD-X ply- 
wood, sometimes a bit more expen- 
sive. But it’s always free of knots, edge 
gaps, and other imperfections found in 
CD-X plywood. 

So far, waferboard is available un- 
der two trade names, Blandex and As- 
penite, although other brands may 
soon appear. It comes in %-in. ($5.25), 
3&-in. ($7.75), and 74e-in. ($8.50) exte- 
rior-grade sheets. In some areas, As- 
penite is also available with a lightly 
sanded surface, for a softer look. There 
are also two specialty products avail- 
able: Aspenstripe ($3.80) a panel 
grooved every eight inches, and As- 
penplank ($3.80), one that's grooved 
in reverse board-and-batten style. 
Both panels have exterior ratings but 
they are often used for dramatic inte- 
riors. 


Working with particleboards 


Ordinary saws, routers, sanders, 
and similar tools work well on all par- 
ticleboards, but for extensive cutting 
or shaping, carbide-tipped tools are 
definitely a better choice. The gritty 


For the strongest Joiner in all types of par- 


ticleboard, use sheet-metal screws 
(above). Boards can be cut or sanded, 


insides of particleboard can be murder 
on non-carbide-tipped tools. (The grits 
are equally hazardous to your eyes. 
Wear goggles.) 

With power saws, it's important to 
expose only enough of the blade to 
penetrate the thickness of the board. 
Otherwise, you risk chipping the 
board's underside and could ruin your 
project. Use a combination-type blade 
on your power saw. If you're working 
with prefinished products, saw from 
the back side with a power saw, but. 
from the front by hand. 

Before using waferboard structural- 
ly, check to make sure your locality 
has accepted the national building- 
code approval of waferboard. For roof 
or wall applications, some codes re- 
quire that waferboard be '4e in. thick- 
erthan the required thickness for ply- 
wood sheathing. The Department of 
Housing and Urban Development 
(HUD) allows %-in. Blandex on studs 
at 16 in. on center or 24 in. on center. 
For roof sheathing, % in. is accepted at 
16 in. on center, but ?4e-in. Blandex is 
required for 24-in.-on-center spacing. 


Assembly 


Common nails are fine for wafer- 
board construction, but don't use fin- 
ishing nails—their heads pop through 
too easily. When using waferboard for 
cabinets or wall panels where the 
nails may show, use ring-shank nails 
coated in a color that will camouflage 
the nails among the flakes. 

Both hardboard and particleboard 
have limited nail-holding powers and 
require ring-shank nails for most 
building construction. The best way to 
install hardboard or particleboard is 
to apply construction cement or a 
white glue (such as Elmer's) to the 
wooden supports before hammering in 
the nails. To assemble particleboard 
pieces into shelving and furniture, 
you can simply glue the pieces togeth- 
er after sandpapering edges to remove 
chemical impurities left over from 
pressing. Since the glue is doing most 
of the work, you can, in this case, hold 
the glued parts together with fin- 
ishing nails. Set them slightly and fill 
the holes with a neutral wood paste. 


or routed like any other wood. Carbide 
tools will keep an edge longer; Surform 
tools and sanders also work well. 


Another way to assemble particle- 
board parts is with sheet-metal 
screws. Choose a size narrower but 
longer than you'd use on natural wood 
or plywood. You can countersink their 
heads, but only slightly. Unless you 
really need a knockdown capability, 
glue is really the best choice for as- 
sembly. 

You can use almost all of the tradi- 
tional cabinetmaker's joints for parti- 
cleboard construction, but the brittle- 
ness of the material may make you 
wish you'd never tried. Be sure to test 
out your favorite rabbets, tenons, and 
mortises on pieces of scrap before cut- 
ting into your good materials. Techni- 
cal Bulletin #8 from the National 
Particleboard Assn. (see "For Further 
Reading") puts almost all classic 
joints out of the do-it-yourselfer's 
league, except for the simple mitered 
joint—and even there the association 
recommends that you beef up the joint. 
with a spline. 

Another in the same series of bulle- 
tins should help prevent a lot of head- 
aches. Bulletin #4 has a series of 
graphs to help you calculate how thick 
your particleboard must be, and how 
close together to place the supports. 
The graphs take into account the kind 
of loads the shelves will carry, and in- 
dicate the acceptable amounts of de- 
flection for varying shelf lengths and 
thicknesses. The bulletin even notes 
how shelf finishes affect deflection. 
Self-stick vinyl, for example, won't al- 
ter the figures, but a Formica-type 
laminate will add a degree of stiff- 
ness. 


Finishing the boards 


Particleboard edges require some 
puttying, but aside from that, fin- 
ishing manufactured boards can be a 
joy. Most of them, in fact, require less 
sanding than pine, hardwood, or ply- 
wood. 

Use a paste wood filler and a putty 
knife to plug any spongy-looking 
edges you've left exposed in your 
project. Then sandpaper the edge, 
making sure not to sand away too 
much of the filling. Now you can fin- 
ish the edge along with the other sur- 


faces. Another option: You can stick a 
strip of veneer or vinyl to the exposed 
edges. 

Clear varnishes will leave particle- 
board still tan-colored but with a bit 
more character, since the finish will 
penetrate more deeply into more po- 
rous areas. You can stain the project, 
too, before applying a clear finish. 
Stains penetrate deeper and faster 
into particleboard than into most 
wood, so always test your stain on 
Scrap. 

For best results with enamels, coat 
the whole surface with a wood filler 
first. Otherwise, you won't get the 
high sheen most people prefer in 
enameled finishes. 

Hardboard requires a sealer for 
both clear and pigmented finishes, 
and clear finishes often work best af- 
ter you use a filler as well. You can 
experiment with stains on hardboard, 
too, if you're looking for rich and un- 
usual tones. 

When you're working with free- 
standing pieces of hardboard or parti- 
cleboard—such as doors, fences, and 
dividers—you have to apply the same 
finish to both sides, even if one side 
won't normally be seen. Otherwise, 
one side may absorb more moisture 
than the other and become warped. 

There are three basic types of 
painted finishes for waferboard. For a 
solid-color finish, you can apply a 
good-quality paint according to direc- 
tions. The result will be a slightly tex- 
tured, matte look. Or you can do a 
wiped finish, with a single color paint 
or resin. Finally, you can produce a 
handsome two-tone finish by wiping 
on a second color that lodges between 
flakes to give an exotic shaded effect. 
Several combinations are especially 
handsome (see samples and directions 
on preceding page) but there are 
probably many more effects waiting to 
be discovered. a) 
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Solid-fuel 
alternatives 


— besides wood, 
what else can you burn 
in your wood stove? 


Compressed-wood logs 
and pellets, lignite 
briquettes, and coal could 
replace costly firewood 


By JASON SCHNEIDER 
PHOTO BY ORLANDO GUERRA 


With wood-burning stoves now re- 
placing swimming pools as suburban 
status symbols, the time has come to 
look at some of the alternatives in sol- 
id-fuel heating. For despite its many 
advantages, wood is not without its 
drawbacks as a fuel. 

Besides its inconvenience compared 
with oil and natural gas, the price of 
firewood has increased dramatically 
in recent years. Prices for cords of sea- 
soned hardwood from dealers now typ- 
ically range from $75 to $150. And as 
more wood burners have joined the 
ranks, demand has outstripped supply 
in some areas. 

State and privately owned forest 
lands might provide some relief, but, 
since wood is a low-density energy 
source, it seldom makes sense to 
transport it over great distances. 

In short, while wood remains a via- 
ble heating fuel for many Americans, 
the rest of us should consider some of 
the alternatives. Granted, the fuels 
Tl talk about cost money—more mon- 
ey than fueling and servicing a chain 
saw and gassing up the pickup. But at 
least they're available. And several of 
them promise to be available at rea- 
sonable cost in the future as the oil 
crunch and the wood squeeze continue. 

Specifically, solid-fuel alternatives 
range from new waste-wood products, 
including compressed-wood logs and 
the somewhat exotic Woodex and 
Coalex pellets, all the way down to the 
coal we thought we'd never heat 
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homes with again—and to coal/wood 
combinations. While few of these fuels 
(except coal) can presently compete 
with firewood on a dollars-per-Btu ba- 
sis, all offer convenience advantages 
and are suitable as an emergency fuel 
for wood-stove owners. And all of 
them can be burned in most existing 
wood or coal/wood stoves. (If you're 
only now considering the purchase of 
a wood stove, don't despair: Consider a 
unit that will burn both wood and 
soal, A buyer's guide follows this arti- 
cle.) 


Woodex and Coalex 


Woodex is the trademark for a pel- 
letized fuel created from “fibrous or- 
ganic material” that has been com- 
pressed at high pressure (about 
18,000 lbs/sq. in.) and relatively high 
temperature (400-500 degrees F). In- 
dividual pellets (see photo) are % in. 
dia., about % in. long, and can be pro- 
duced from virtually any organic veg- 
etable material rich in cellulose: 
Wood chips, sawdust, bagasse (sugar- 
cane residue), and corn husks are a 
few examples. Woodex pellets have 
even been successfully made from or- 
ganic garbage. A pound of Woodex 
yields approximately 9000 Btu— 
about halfway between seasoned 
hardwood at 6800 Btu per pound (net) 
and high-grade anthracite at around 
14,000 Btu per pound. And significant 
quantities can be manufactured by us- 
ing only a fraction of the estimated 
150 billion tons of fibrous waste gen- 
erated worldwide each year. It is hard- 
ly surprising that its creator, Bio-So- 
lar Research & Development Corp., 
claims that Woodex could go a long 
way toward replacing fossil fuels as 
energy. 

In the actual manufacture of Wood- 
ex, fibrous organic material is first 
pulverized to about the consistency of 


face powder, moisture is reduced to 
approximately 12 percent (this can be 
varied to suit the burning condition), 
and the dried particulates are forced 
through a standard pelletizing mill. 
This patented ` process, combining 
high pressure, relatively high temper- 
ature, and the presence of moisture, 
"shifts the molecular structure of the 
biomass, making all the natural car- 
bon more available for combustion," 
according to Bio-Solar chemists. 

The wood-based pellets I examined 
are dark brown and smooth and shiny 
on the outside because, according to 
Bio-Solar, "the waxes and lignites 
have been driven to the outside of the 
pellet and the cellulose in the wood 
partially broken down so that heat en- 
ergy can be released more readily." 
Other advantages of this manufac- 
tured fuel include low particulate 
emissions, very low or no sulfur con- 
tent, low ash (approximately three 
percent) which, like wood ash, can be 
used as a soil conditioner, and suit- 
ability for use in existing industrial 
furnaces and boilers. 

But can Woodex be burned in resi- 
dential stoves and central heating 
systems? Yes, but with some impor- 
tant qualifications. First, since Wood- 
ex pellets burn at around 1500-1800 
degrees F, it can only be burned in 
stoves with insulated linings (such as 
firebricks) or well-made "airtight" 
cast-iron units. And while Woodex 
can be used alone, the results of my 
tests suggest that it is easier to main- 
tain a steady heat output if Woodex is 
burned together with wood or coal— 
particularly when it's used in a man- 
ually controlled "airtight" stove. 

Crushed newspaper or kindling can 
be used for ignition, and once Woodex 
is burning it will continue to burn un- 
til the fuel is consumed. Since the pel- 
lets are quite small, a grate adapter 


Fuel for thought: CoalLog compressed-wood cylinder holds sev- 
en Ibs. of bituminous coal. Each log contains 90,000 Btu, costs 
$2.49. Ucofo Fire-Bricks are compressed lignite; 16-brick pack- 
age delivers 164,000 Btu, costs $3.50. Woodex (light-color pellets 
in foreground) is compressed organic waste such as Douglas fir 


(or finer grate) is necessary when 
burning Woodex in a wood/coal or coal 
stove. Otherwise, the burning pellets 
will drop through the grate and burn 
in the ash pit or ash drawer. 

With a projected at-plant price of 
$40 to $50 per ton, it appears that, in 
terms of economics and pollution, 
Woodex has a bright and glowing fu- 
ture. However, it is doubtful that it 
will attain its full potential as a home- 
heating fuel until units specifically 
designed to burn it are readily avail- 
able and/or it is marketed in larger 
sizes for more convenient loading. 

Add pulverized coal to pulverized 
biomass such as wood waste, mix it 
together and process it in the same 
manner as Woodex, and what have 
you got? Coalex. This fuel contains 
10,000 to 12,000 Btu per pound, but 
what about pollution? According to 


preliminary tests conducted by Bio- 
Solar, this mixture burns with the 
same low particulate emissions as 
Woodex, and sulfur contained in the 
coal component tends to remain in the 
ash rather than being released up the 
chimney. According to Bio-Solar, 
Coalex emissions are well within EPA 
guidelines. But it’s still in the devel- 
opment stage, says Bio-Solar, and is 
not yet commercially available. 


Compressed-wood logs 

As the name suggests, these are 
produced by compressing or “densify- 
ing” under high pressure wood waste 
such as logged wood, wood chips, or 
(less commonly) coarse sawdust. Such 
cylindrical logs differ markedly from 
what are known in the trade as “cos- 
metic” fireplace logs in which fine 
sawdust and waste paper are molded 


(light-color pile at right). It contains 9000 Btu/lb., costs $40-$50 a 
ton. Coalex (two piles of dark pellets) combines pulverized coal 
(dark piles) and wood waste, contains 10,000—12,000 Btu/lb. 
Compressed-wood Aglo Firelogs give 8500 Btullb. A 12-Ib. pack- 
age with starter stick costs $1.50—$3.50. 


into a loglike form by adding combus- 
tible binders such as waxes and vari- 
ous chemicals such as copper sulfate 
to provide colorful flames. While cos- 
metic logs may burn for a few hours at 
a time and often produce a satisfying 
visual display, they must never be 
burned in closed stoves of any kind 
(makers’ directions are universally 
specific on this point). So they cannot. 
be regarded as a serious source of 
heat, despite their often high heat val- 
ue (15,000 Btu per pound). 

The original compressed-wood log 
on the U.S. market was the Prestolog, 
produced in the U.S. since the ’20’s by 
several manufacturers. A more recent 
development in compressed-wood logs 
that is also intended as an economical- 
ly viable heating fuel is the Aglo 
Firelog manufactured by Agnew En- 

Continued 
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Coals with one-half percent of sulfur or less 


State Bed or field 


julfur 


Sı Ash 
content (%) content (%) Btu/lb. 


Colorado Keystone. 0.3-0.4 5.4-9.2 13,120 
Montana Canyon 03 46 9,088. 


Oklahoma. Croweburg 


04 47 12,556 


Utah Soldier Canyon 0.5 75 13,158 
Washington ‘Springbrook 0.4 56 11.060 


Wyoming Dietz #3 


vironmental Products, Inc. (see pho- 
to). These 10-in.-long, three-in.-diam- 
eter logs come in four-log, 12-lb. pack- 
ages along with a six-in.-long wax-im- 
pregnated "starter stick." Using 
Douglas fir as the base, Firelogs 
produce about 8500 Btu per pound. 

I can confirm the manufacturer's 
assertions that Aglo Firelogs burn 
with little or no visible smoke, kindle 
easily in the normal manner when the 
starter stick is used, are capable of 
long (eight to 12 hour) burns in a vari- 
ety of conventional wood stoves when 
two or more logs are used, and leave a 
very low amount of ash residue. Retail 
prices of Aglo Firelogs vary greatly 
around the country: $1.50 to $3.50 for 
a four-log package. 


Coal 


Low-sulfur anthracite coal is, in 
many ways, a more convenient fuel 
than wood, and, if burned properly in 
the appropriate appliance, it com- 
pares quite favorably with oil in eco- 
nomic terms and in terms of pollution, 
too. 

The ideal stove or furnace coal 
should be of a uniform size recom- 
mended by the heater manufacturer; 
it should have an ash content of 10 
percent or less; and it should have a 
high ash-fusion temperature (prefera- 
bly above 2500 degrees F) to prevent 
clinkers (fused ash or metallic slag) 


eal 
How fuels compare 

Use this chart to compare the heat content 
of various fuels. Check fuel prices in your 
area for cost comparison. Each quantity 
shown contains 140,000 Btu. 


No. 2 heating oil 1 gal. 
Natural gas 140 cu. ft. 
LP gas 1.5 gal. 
Electricity 41 kWh 
Coalex 11.6-14 
Ibs. 
Anthracite coal 12.7 Ibs. 
Woodex 15.5 Ibs. 
Lignite briquettes 15.5 Ibs. 
Compressed fuel logs 16.4 Ibs. 
Seasoned hardwood 24.1 Ibs. 


(20% moisture) 
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0.5 44 9,710 


from forming too readily at high heat- 
output settings, thus blocking the 
grate. The greatest advantage of an- 
thracite coal over wood is that it is a 
much more compact energy source, 
yielding almost twice as many Btu per 
pound as seasoned hardwood (see ta- 
ble below). 

The oldest and most common form 
of packaged coal product is bagged an- 
thracite or bituminous coal. It's of- 
fered in 50- and 100-lb. reinforced- 
plastic or canvas bags at hardware 
stores. The primary advantages of 
bagged coal are that it’s easy to carry 
and convenient to store. But these 
conveniences don't come cheaply: 
Bagged coal generally costs between 
$4 and $5 per 50-Ib. bag, or $160 to 
$200 per ton. 

Another variation on the packaged- 
coal theme is the CoalLog, a 17-in.- 
long, 5'2-in.-dia. cylinder (see photo) 
made of compressed-wood chips and 
containing seven pounds of high 
grade, low-sulfur (one percent), bitu- 
minous coal. Each log contains ap- 
proximately 90,000 Btu of potential 
heat energy, and is designed to burn 
three to five hours in an open fire- 
place. 

Itried burning a few CoalLogs in a 
cast-iron wood/coal stove with a cast- 
iron shaker grate and updraft com- 
bustion pattern. Under these 
conditions, the logs ignited easily and 
burned for six to seven hours, deliver- 
ing a steady heat output. My sole res- 
ervation is that during the first half 
hour after ignition I could smell a 
moderately strong coal odor outdoors. 
Since bituminous coals have a higher 
volatile (combustible gas) content 
than the anthracites, I recommend 
burning them only in stoves or heat- 
ers with efficient, well-articulated 
secondary combustion systems. With 
a suggested retail price of $2.49 each, 
CoalLogs are considerably more ex- 
pensive than bagged or bulk coal. 


Lignite briquettes 
Lignite is sub-bituminous coal 
yielding about 8000 Btu of heat en- 


ergy per pound. Ucofo Fire-Bricks (see 
photo) are brown lignite dried and 
compressed into brick form, which in- 
creases their Btu-per-pound content 
to about 9000. Individual 18-oz. bricks 
measure about six in. long, 2% in. 
deep, and 1% in. high. These West 
German-made bricks are available in 
packages of 16 bricks (18% lbs.) and 
44 bricks (55 Ibs.) for "household con- 
venience and easy storage." 

Perhaps the most significant ad- 
vantage of this particular type of lig- 
nite briquette is its extremely low sul- 
fur content—0.12 percent, according 
to Pasvalco, the U.S. importer. This 
would place it well below domestic an- 
thracite and bituminous coals in what 
is regarded as the most ecologically 
damaging of chemical pollutants. In 
addition, lignite briquettes are defi- 
nitely less dirty and dusty to handle 
than coal; clinkers and slag are virtu- 
ally nonexistent; and ash is minimal— 
about five percent by weight. One of 
the few negative points of these Euro- 
pean fuel bricks is their relatively 
high cost: $3.50 for 16 bricks and $9 
for 44. 

Although lignite briquettes were 
originally designed as a low-pollution 
"smokeless fuel" for coal stoves, they 
can also be burned readily in most 
grateless wood stoves, provided 
they’re placed atop a reasonably lively 
bed of coals. And unlike coal, which 
often gives off a slight to moderate 
odor when an area heater is freshly 
stoked, lignite briquettes are virtual- 
ly odorless. 


Coalwood bricks 

Coalwood "fireplace and stove fuel" 
is a combination of '4-in. by %-in. 
hardwood chips and low-sulfur bitu- 
minous coal chunks of approximately 
the same size. The chips and chunks 
are held together by an "organic res- 
in" binder and cold-molded directly 
into a four-brick box. Each three-by- 
three-by-six-inch brick contains about 
25,600 Btu, and the four-packs will 
sell for about $1 each, according to 
National Coalwood Products Co. 
Since the coal component contains 
only about 0.6 percent sulfur (well un- 
der EPA limits), pollution should be 
minimal. The shiny black bricks are 
clean to the touch and provide a good 
"flame effect"—important to owners of 
stoves with fire-viewing windows. 
The manufacturer says that the 
bricks will be offered in larger "econ- 
omy packs" in the future. 


FOR MORE INFORMATION 


search and Development Corp., 1500 Valley River Dr., 
Eugene OR 97401. 


Buyers guide 
to coal/wood 
stoves 


Most wood stoves are capable of burn- 
ing compressed-wood logs and Wood- 
ex pellets quite efficiently, particular- 
ly if the latter are used along with 
firewood. And though compressed-lig- 
nite briquettes are technically a vari- 
ety of coal, these too will burn readily 
in most grateless heating units. But 
the most flexible approach to heating 
with solid fuel, especially in regions 
where firewood is expensive or in 
short supply, is to opt for a stove or 
furnace capable of burning coal as 
well as wood. While some are equally 
suited to burning both fuels, most 
dual-fuel units are primarily designed 
for one or the other, while providing 
adequate but less efficient and/or con- 
venient service with the alternate 
fuel. But happily there are wood/coal 
stoves on the market capable of burn- 
ing either fuel efficiently without fre- 
quent tending. Nine are described 
here.— J.S. 
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Cylindrical, top-loading Petit Godin No. 
3721 coallwood stove has been manufac- 
tured virtually unchanged in France for 
more than 90 years. Like most stoves of 
this type, it is a base burner with an up- 
draft combustion pattern (cutaway). The 
stove accepts logs up to 20 in. long. 
Claimed heating capacity is 10,000 cu. ft. 
with wood, and 14,000 cu. ft. with coal, 
with 24- to 30-hour burns when loaded to 
its 60-Ib. capacity. Bow and Arrow Stove 
Co., 14 Arrow, Cambridge, Mass. 02138. 


Multi-fuel boiler 


Riteway's brand-new model RB-75 boiler is designed to burn 
coal or wood in a gigantic 11.7-cu.-ft. combustion chamber, and 
oil, natural gas, or propane (depending on burner fitted) in a 
separate chamber. The RB-75 is rated at 75,000 Btu/hr., making it 
suitable for average-size homes. It accepts logs up to 28 in. long 
through its large 14-by-14-in. loading door—an advantage for 
those who cut their own wood. Riteway Mfg. Co., Box 153, Har- 
risonburg, Va. 22801. 
m 


Woodicoal stove with “industrial look” 

Riteway's model 37 is a large wood/coal stove with a heavy 
sheet-metal body. Those who choose this stove for its virtues— 
magnetic damper that provides controlled temperature regula- 
tion via an on-off cycle, underfire draft and secondary combus- 
tion flue supplied with preheated air, and huge 7 Y2-cu.-ft. firebox 
capacity—are likely to forgive its industrial appearance. The No. 
37 accepts 24-in.-long logs, and is rated at 73,000 Btu/hr. 


Coal stove with automatic hopper 

The Belgian-made Surdiac model MCK 516 is capable of burning 
wood, but it is intended primarily for burning high-quality an- 
thracite. The stove features a gravity-feed hopper adjustable for 
sizes of coal loosely described as "pea to nut." Capable of 24- to 
36-hour burns, the Surdiac's heating output ranges between 
38,000 and 60,000 Btu/hr., depending on the size of coal used. 
Southport Stoves (228% Farmington Ave., New Britain, Conn. 
06053) imports this unit. 


Coal/wood-fired cookstove for central heating 

The Tirolia7ZH cookstove is said to be capable of supplying all of 
the domestic hot water and up to 75 percent of the space-heating 
needs when connected to the existing hydronic (hot water) heat- 
ing system in an average-size home. The Austrian-made stove's 
firebox is surrounded on three sides by a water jacket and can 
accommodate 16—18-in.-long logs. Tirolia of America (Dunning 
Rd., Middletown, N.Y.) imports it. 


Woodicoal furnace 


Designed asa primary heat source or as an add-on for an existing 
oil or gas furnace, the Shenandoah model F-77 is a forced-air unit 
with a heavy-gauge, firebrick-lined firebox. Heat-output control 
is via bimetallic thermostat in the air inlet box in the bottom of 
the large loading door, and an automatic 900-cfm blower is locat- 
ed behind a detachable rear panel. Shenandoah Mfg. Co., Box 
839, Harrisonburg, Va. 22801, makes this furnace. 


Woodicoal heater 

This firebrick-lined, front-loading "vertical barrel" stove is also 
made by Shenandoah (address above). The model R-65C's heat 
output is controlled by a bimetallic thermostat and features a 
cast-iron shaker grate with a dished circular outer grate ring for 
efficient coal burning. It's constructed of heavy-gauge steel and 
will accommodate 18-in.-long logs for "all-night heating." 


Tile-clad wood/coal stove 

The German-made Weso features a tempered-glass fire-viewing 
window in its nine-by-12-in. gasketed loading door. Though pri- 
marily a circulating or "convection" stove, this efficiently baf- 
fled, updraft-combustion-pattern unit also puts out significant 
quantities of radiant heat when its tiles get warm. Claimed heat 
output is 30,000 Btu/hr. Ceramic Radiant Heat (Pleasant Dr., 
Lochmere, N. H. 03252) imports this stove. 


Coal stove with wood-burning capab 
While the Warm Morning model 400 coal heater is not promoted 
as a dual-fuel stove, it is an efficient and relatively convenient 
wood burner capable of accepting logs 20 in. long. Its most dis- 
tinctive feature is an almost cube-shape, firebrick-lined firebox 
with a small firebrick “mini flue" in each of its corners. The model 
400 can burn virtually any size or grade of coal suitable for 
stoves, and its 100-Ib. fuel capacity allows 24-hr. burns with coal 
at low output settings. It's made by the Locke Stove Co., 114 W. 
11 St, Kansas City, Mo. 64105. 
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1980 


outboards 


enew small engines 
erecord horsepower 
ebetter fuel economy 


Testing Johnson's new 115-hp model, au- 
thor Bob Stearns runs a fuel-economy 
check New primer system allows easy 
rope starting in 4 flywheel revolution. 
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By BOB STEARNS 


The outboard horsepower race has hit 
a new high with Mercury’s introduc- 
tion of a jumbo 300-hp motor, eclips- 
ing its own newly introduced 225 and 
Evinrude’s and Johnson’s 235-hp 
models. 

Also new for 1980 are several small 
and midrange kickers, ranging from 
simple economy models like Mercu- 
ry's basic economy 3.6 to surprisingly 
sophisticated portables like the 7.5 
models from Evinrude and Johnson 
that have móst of the features of larg- 
er outboards. 

The new models, both foreign and 
domestic, are lighter, smaller, and 
loaded with engineering innovations. 
And my tests show that some of the 
new engines are more fuel-efficient 
than comparable '79 models I tested. 

A good example of innovative engi- 
neering is the Merc 300. "It's lighter 
than any marine-drive power plant of 
300 hp and gives better fuel economy," 
says Edward J. Morgan, Mercury 
vice-president of engineering. In fact, 


New champ in horsepower race is Mer- 
cury's 300-hp outboard. Drawing (left) 


the 300 has better fuel economy than 
Mercurys 200-hp model, Morgan 
says. An inboard in this power class 
would weigh about 1100 pounds. The 
Merc V-300 weighs 565 pounds. 
That’s about 700 pounds less than a 
300-hp stern drive. 

The six-cylinder 300 has a 207-cu.- 
in. displacement. Bore and stroke are 
3.74 and 3.15, respectively. Six single- 
barrel carburetors are used in the mo- 
tor. And it is the first outboard sold 
with power steering as standard. 

Smaller outboards are also studded 
with engineering innovations this 
year. I had an opportunity to test some 
of these engines and found many in- 
teresting features. 

Evinrude's 7.5 is identical in size 
and appearance to the 4.5 introduced 
in 1979. In fact, if it had not been for 
the horsepower label and the absence 
of the gas cap for the integral tank 
that’s standard on the 4.5, I could 
have mistaken the 7.5 for that en- 
gine—it’s that compact. It weighs only 
56 pounds (four pounds heavier than 
the 4.5). But it is not a souped-up 4.5. 


shows a rear view of 74° V design. CDI sys- 
tem with six individual coils is visible. 


Johnson 60-hp model has same displacement (44.99 cu. in.) as 
last year’s 55-hp model. The new design, with closer piston fit 
and better shaping of ports, boosts horsepower. 


Or even a souped-up version of last 
year’s six hp, which it replaces. It’s 
entirely new, from skeg to powerhead, 
using a block with 10-cu.-in. displace- 
ment. 

I tested the 7.5 mounted on a 14-ft. 
semi-V-bottom aluminum hull, with 
two adults and a full load of test equip- 
ment. The 7.5 hit a top speed of 14.15 
mph, easily planing the boat. Fuel 
consumption was miserly: 0.23 gph at 
25 percent throttle (a good trolling 
speed), 0.44 gph at 50 percent, 0.80 
gph at 75 percent throttle—with the 
boat almost on plane at about 10 
mph—and 1.35 gph at full throttle. At 
80 percent throttle on a boat of this 
size, the efficient little engine would 
have a cruising range of close to 50 
miles with a six-gallon tank. 

OMC's chief outboard engineer, 
Don Kueny, says, "We're using a new 
casting method for the cylinder block 
that allows closer piston fits, better 
proportioning and shaping of ports. 
With the 60 this has given us as much 
as 20 percent more horsepower in the 
low and midrange, and about 11 per- 


a me 


New Evinrude 60 has 11 percent more power at the top than 


cent more at the top over '79’s 55." 


Johnson's new primer 

Included in the 1980 lineup of gaso- 
line outboards from Johnson is a new 
primer system that will be standard 
on all V4 and V6 engines (85-235 hp). 
It replaces the old system in which a 
solenoid-controlled butterfly valve in 
the throat of the carburetor was closed 
during the choking process to force a 
richer gasoline mixture out of the carb 
and into the intake manifold. There's 
also much faster priming, and much 
faster starting for both cold and warm 
engines. 

Mounted on a 17%-ft. Glastron SSV 
176, the 115 (with two adults and a 
full load of test equipment) yielded a 
top speed of 42.36 mph at full-throttle 
fuel consumption of 10.23 gph. The 
overall improvement in fuel economy 
is obvious when you consider that just 
a few years ago this same engine 
burned 11.5 gph at full throttle. 

As in the past, the most economical 
operating range for this engine was 
3000-4000 rpm, burning 4.4-6.5 gph 


last year's 55—and no increase in fuel consumption over 779. 


New two-cylinder 25- (top) and 30-hp models join '80 Mariner 
lineup. The 25 has magneto ignition and 30 uses CDI. Both of 
these models come in either manual or electric versions. 


and, in spite of a heavy boat, getting 
almost five mpg. 


Mercury innovations 

When I visited Mercury Marine's 
test facility to try the new 3.5- and 
225-hp models, I found features that I 
felt would contribute significantly to 
their effectiveness on the water. 

Compared to other similar-size out- 
boards I've tested recently, the Merc 
3.6 isn't pretty. It has no gearshift, no 
twist-grip throttle control. But it's 
also light: only 36 pounds. It has an 
integral two-quart gas tank and a 
"wraparound" carrying handle. 

Thetwo-quart tank provides almost 
an hour of full-throttle operation, and 
almost three hours at a very slow 
troll. Even with only one cylinder, the 
3.6 idles smoothly at surprisingly low 
speeds. In addition, the owner's man- 
ual features detailed engine diagrams 
for the do-it-yourselfer, part of an 
across-the-board trend for Mercury to 
make owner servicing easier. 

Next to the top end of 19 different 

Continued 
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Engine cutaway shows first oil-injection 
outboard introduced by Suzuki/Spirit. The 
85-hp model automatically mixes oil and 


horsepower sizes for 1980 is Mercury's 
new V6 225-hp model. 

"We've increased the reed-valve 
area by 40 percent, raised the exhaust 
ports, increased the compression ra- 
tio, redesigned the cylinder heads, in- 
creased the number of roller bearings, 
and beefed up the pistons," Mercury 


gas. Mix is 100:1 at full throttle, 50:1 at 
idle. This means less plug fouling at idle 
speeds. Piston wear is also reduced. 


engineers Keith Gagnier and Ralph 
Anderson told me. 

With three adults and a full load of 
test equipment in the lightweight 
20'-ft. Challenger hull, the 225 was 
able to push it to a top speed of 60 
mph. According to my test equipment, 
at full throttle the 225 burned 18.75 


gph (Mercury's showed 18.23 gph). 
Regardless of whose figures you pre- 
fer, that still puts the fuel efficiency of 
the 225 somewhere near or above 12 
hp per gallon of gas per hour at full 
throttle. Compared to the 200, which I 
tested two years ago and got 11.5 hp/ 
gal./hr., the 225 is more fuel efficient. 

Mariner will have five new engines 
in its 1980 outboard lineup, ranging 
from a V6 200-hp model, a V6 150, a 
twin-cylinder 30, a twin 25, and a tiny 
recoil-start two. Both of the V6's are 
built in the U.S. and are similar in 
design to the Mercury V6's of the 
same horsepower. 

Spirit and Suzuki have added a new 
three-cylinder 85 to the top of their 
lines. Standard features for this en- 
gine include built-in power trim and 
tilt, plus an 80-watt alternator. They 
have also added a new, lighter 3.5 hp. 

Chrysler has five new models for 
1980: a four-cylinder 100-hp Charger, 
three-cylinder 85 Charger "Special 
Edition," three-cylinder 75 Skier, and 
two new Hi-Thrust auxiliary sailboat 
motors—six and 9.9 hp. Chrysler 
claims new engineering innovations 
have improved fuel economy through- 
out its lineup. 


1980 GASOLINE S OUTBOARDS 


Gyin- W Max. Cyün- Disp. Gear Weight 
Manufacturer Hp fain) sm Mel Manufacturer Hp — rpm ders (cu. in.) shift (ibs) 
a Bug Intl. 12 720 1 134 No T Mariner Outboards 25 550 2 97 
T Merrick Rd. 3 6000 1 3.05 F-PR* 2v 1939 Pioneer Rd. 30 5500 2 107 
Rockville Centre NY Fond du Lac WI 70 50 3 190 
11570 54935 150 — 5500 V6 378 
Chrysler Corp. 4 5250 1 5.00 F-N 35 200 5800 V6 357 
Box 2641 6 450 2 100 FNR 52 M 36 500 1 36 
etroit . 4 
Detroit MI 48288 6 450 2 100 FNR — 60 1939 Pioneer Ri 4 — 40 2 36 
6 45 2 100 FNR — 8 Fond du Lac WI 45 550 1 53 
75 4750 2 10.0 FNR 53 75 5500 2 64 
39 4750 2 1345 ENR 73 98 550 2 64 
99 450 2 1315 FNA — 80 18 800 2 94 
99 450 2 1338 FNR 58 20 550 2 94 
15 5100 2 1541 ENR 58 25 6000 2 94 
20 — 450 2 285] FNR 3 40 — 590 2 152 
30 4750 2 341 F-N-R 120 50 5500 4 176 
45 5000 204218 FNR 148 70 550 3 190 
45 — 500 2 4218 FNR — 18 80 — 580 4 244 
55 — 5x0 2 499 — FNR — 18 90 — 550 6 290 
75 45 3 7238 FNR 224 15 5500 6 290 
75 45 3 7239 FNR 224 140 — 5800 6 290 
85 5000 3 7239 FNR 245 150 5500 V6 349 
85 5000 3 69.81 FNR 245 175 5800 ve 349 
100 — 500 4 9655 FNR 251 200 — 5800 Ve 331 
Yoo — &xo 4 — 35 FNR 288 225 — 5800 V6 360 
115 — 500 4 993 4 n 
] Sea King 2 380 1 23 
CAS P MEC ONE. Montgomery Ward 35 460 1 32 
140 5250 4 103 FNR 260 Meri $ NM 1 E 
Clinton Engines 2. 3900 1 576 No 33 75 6X0 1 37 
Maquoketa IA 52060 3.5 — 4600 1 72 No 45 75 5250 2 55 
55 580 1 83 — No 48 3 6000 1 49 
(ac Hec cue- a8. : 
75 600 1 92 — FNR 75 Bees Nek B Co: P NO E 
90 6x0 1 3014 FNR — 75 Ren ATH oe 
Evinrude Motors 2 4500 1 264 No 24 IL 60684 5 5500 1 39 
ox 4 450 2 528 — No 75 5650 1 40 
Milwaukee WI 53216 45 5000 2 5.28 FNR 52-54 5650 1 44 
and 75 500 2 10 FNR — 5658 39 4750 2 59 
Johnson Outboards s9 soo 2 1320 ENR 7282 15 — $50 2 60 
Waukegan IL 60085 15 134 : s 
25 5000 2 3180 FNR EMEN Songull 2 4000 1 2 
E m 4 ME ENS un 1 Mystic Ave. 45 4000 1 44 
= NE. 33 ENR 13202 — Medford MA 02155 55 400 1 52 
70 — 500 3 4970 FNR 23 Spirit Marine Div. 2 40 1 24 
75 5500 3 49.70 ENR 198-230 Arctic Enterprises 35 4800 1 42 
85 5000 V4 99.60 ENR 288-306 Box 5 5800 2 505 
100 5000 V4 9960 FNR 288306  ThiefRiverFalls MN 8 580 2 62 
115 5000 V4 9960 FNR 288306 56701 89 550 2 7 
140 5000 v4 99.60 ENR 293-315 and 16 5800 2 77 
150 5000 V6 14940 FNR 1-886 Suzuki Intl 20 570 2 100 
175 5000 V6 14940 FNR 381386 13767 Freeway Dr. 25 570 2 100 
200 5250 V6 14940 FNR 381386 Santa Fe Springs CA 4o 5800 2 150 
235 5500 ve 149.40 FNR 396-401 a E £ Hid 
= 1 
American Honda 75 520 2 122  FNR 75 
3435 Wilshire Blvd. 75 520 2 122 ENR n ESCAS: zm 
Los Angeles CA $9 570 2 122 FNRA 75 “Note: PR stands for pivot reverse 
90010 99 5700 2 1422 FNR 7 
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Tips from the pros on 
using a 
dial indicator 


Dial indicators and attachments: (A) Dial 
indicator is mounted on magnetic base. 
The base is adjustable so that tip of indi- 
cator may be positioned precisely against 
item to be measured, in either vertical or 
horizontal position. (B) V-blocks are used 
when checking a crankshaft or camshaft 
for out-of-round. (C) A smaller, less 
expensive magnetic base attached to a 
dial indicator: Magnetic base allows dial 
indicator to be attached to any flat piece of 
ferrous metal. Several other types of 


bases are available, some that clamp to an 
object, and others that screw into spark- 
plug holes. (D) Dial indicator and three at- 
taching parts allow it to be attached to a 
wheel to measure disc-brake-rotor run- 
out. Dial indicator and attachments can be 
purchased from Sears, jobbers who han- 
dle precision-measuring instruments, or 
some stores that sell automotive parts. A 
dial indicator should be treated like any 
other precision measuring tool—keep it 
clean, dry, and don't drop it. 


How a dial indicator works 


that movement to needle on dial face. 


Dial indicator measures deflection. As 
shaft moves, precision gearing transmits 


By RAY HILL 


You've just had a new set of tires put 
on your car. They were precisely bal- 
anced, but you notice a roughness 
transmitted through the steering 
wheel. Even on smooth roads it feels 
almost as if you were driving on grav- 
el. 

The cause may be excessive tire 
runout. It can be easily checked with a 
dial indicator. 

The dial indicator is useful for 


checking a lot of other items on your 
car, too: valve-guide clearance, brake- 
rotor runout, camshaft lift—to name a 
few. If you're a mechanic or a serious 

Continued 


Brake-rotor runout should be between 
0.002 and 0.005 in. Excessive runout will 
cause the brake pedal to pulsate when it is 
applied. To check rotor runout, first 
spread the brake pads so they don't con- 
tact the rotor. A heavy screwdriver, if han- 
died carefully, can be used to spread the 
pads apart. Insert its tip between the top 
of the rotor and the ear on the brake pad 
(the metal part of the pad that the braking 
material is attached to) and pry the pad 
14 in., say, away from the rotor. Then stick 
the screwdriver tip between the top of the 
rotor and the brake-pad ear on the other 
side, and pry this pad about ‘hs in. away 
from the rotor. Now both pads will be 
about ‘he in. away from the rotor, and you 
can check to see if you have zero clear- 
ance at the wheel bearing. If you don't 
have zero clearance, you'll get an errone- 
ous reading when checking rotor runout. 
To check for zero clearance, mount dial 
indicator as shown and rock rotor back 
and forth. If there is play in the wheel bear- 
ing, tighten the wheel-bearing nut until 
the play is removed. To check rotor run- 
out, with dial indicator mounted as 
shown, slowly rotate rotor by hand at 
least one full turn, and observe how much 
the large needle on the dial indicator 
moves back and forth as the rotor turns. If 
runout exceeds specs, rotor must be 
turned at an automotive machine shop to 
be returned to specs. All brake specs are 
given in shop manual for your car. 


Shik Game wes 


Using a dial indicator 


M 


Tip of dial indicator is positioned so that it 
touches object that is being checked (A). 
Movable face of dial indicator is rotated 
until the tip of the needle points to zero 


Input-shaft end play is an important indi- 
cator of an automatic transmission's con- 
dition. If you're buying a replacement 
transmission at a salvage yard and want 
to check it to see if it's worth buying, or 
want to check the unit in your own car, 
here's how. Mount the dial indicator as 
shown, so that the tip of the indicator 
touches the end of the input shaft. Move 
the shaft back and forth as far as it will go. 
End play should be within the specs given 
in the shop manual for your automobile. 
Specs vary for different transmissions. 


"avo. y 
Crankshaft end play is checked automati- 
cally during an engine overhaul. Check 
before removing crankshaft from the en- 
gine, and check again after it's been rein- 
stalled with new bearings. To check, posi- 
tion the tip of the dial indicator against a 
crankshaft weight, as shown. Then move 
the crankshaft back and forth, noting the 
reading on the dial indicator. Crankshaft 
end play should be 0.001—0.006 in. If after 
reinstalling the crank with fresh bearings 
there is no end play, you've probably in- 
stalled the wrong bearings. Remove the 
crank, and make sure all the bearings, in- 
cluding the thrust bearing (which deter- 
mines crankshaft end play) are the correct 
ones. If, after installing new bearings, end 
play is excessive, you need a new or re- 
built crankshaft. To move crank, use a 
pry bar between block and a crank throw. 
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(B). Now, when the object moves, the 
amount of deflection from zero can be ob- 
served by watching the needle movement 
(C). When measuring up-and-down 


Crankshaft runout should be checked any 
time you overhaul an engine. Too much 
runout can shorten the life of main bear- 
ings and rod bearings. In extreme cases it 
can cause engine vibration, and even spin 
a main bearing in its mount. Because of 
the massive size of a crankshaft, exces- 
Sive runout isn't a common problem, but 
it should be checked. To do it, turn engine 
block upside down and rest it on a bench 
or other steady support. Remove crank- 
shaft and two end main bearings, as in 
right photo. But leave the two middle 
bearings in place (bearing being pointed 
to by right hand also doubles as thrust 
bearing—note that it has a flange on either 
Side to keep crankshaft end play within 


movement, the dial indicator must be po- 
sitioned so thatthe tip is in a vertical plane 
(D1). When measuring side-to-side move- 
ment, tip must be horizontal (D2). 


specs). Now place crankshaft back in the 
engine. It will rest on the two center main 
bearings. Place dial indicator, as shown in 
left photo, on each of the end journals of 
the crankshaft and rotate the crankshaft at 
least one full turn. Note readings. Now re- 
move the crankshaft and lay it aside. Re- 
move the two inside main bearings and 
replace the two end main bearings. Place 
the crankshaft back in the engine. Now 
position the dial indicator to measure the 
two inner bearing journals on the crank, 
just as you did with the outer journals. 
Runout of any unsupported bearing jour- 
nal on the crank should not exceed 0.001 
in. If it does, have the crank replaced or 
straightened until it's within specs. 


Valve-guide clearance should be checked 
any time you do a valve job. It is also 
checked when you are having valve prob- 
lems (such as valves not seating). Exces- 
sive clearance between the valve stem 
and valve guide can contribute to oil burn- 
ing, noisy valves, burning valves, and 
valves not seating properly. To check 
valve-guide clearance with a dial indica- 
tor, remove the valve spring and valve- 
spring retainer so that the valve can be 
removed from the valve guide. Position 


the dial indicator as shown and lift the 
valve up so that the margin (that part of 
the valve between the valve face and the 
top of the valve head) is against the tip of 
the dial indicator. Now move the valve 
back and forth, observing the amount of 
movement shown by the dial indicator. 
Maximum movement on the dial indicator 
should be 0.015 in. If it's more than this, a 
new valve guide is needed. Check valve- 
guide clearance with the dial indicator in 
two positions, as shown in drawing. 
Continued 
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OPEN CLOSED 


Using a dial indicator 


[Continued] 


do-it-yourselfer, it’s a tool you must 
have and know how to use. 

To learn how to use a dial indicator 
properly I visited the pros at Motech 
in Livonia, Mich. Motech is a training 
institute where students study all 


Camshaft runout should be within 0.006 
in. Ordinarily, excessive camshaft runout 
isn't a problem, but it should be checked 
at every engine overhaul. V-blocks are 
necessary to do the job. Middle two cam- 
shaft journals are placed in V-blocks, and 
camshaft is rotated at least one full turn by 
hand. Runout is measured by the dial indi- 
cator on the bearing journals at each end 
of the camshaft (A). Then the V-blocks are 
placed under the bearing journals at each 
end of the camshaft, and runout of the 
inner two bearing journals is measured 
(B). If runout is excessive, a new camshaft 
is needed. While camshaft is resting in V- 
blocks, cam-lobe lift can be measured if 
desired. Position dial indicator so tip is on 
bottom of lobe (1), then rotate cam until 
maximum reading on the dial indicator is 
achieved (2), and note reading (maximum 
reading on the dial indicator indicates 
maximum lift height). Cam-lobe lift (valve 
lift) specs can be found in the shop man- 
ual for your car. 


Standard dial indicator for automotive use measures in the thou- 
sandths of an inch. One revolution of the large needle, from zero 
to zero, indicates 0.100 in. Ten revolutions would be one inch. 
The small needle indicates the number of revolutions made by 
the large needle. For example, if the large needle has made three 
revolutions (0.300 in.), the small needle would point to the num- 
ber three. Each increment on the scale for the large needle repre- 
sents 0.001 in. If the needle moved from, say, zero to 20, that 
would indicate 0.020 in. A metric dial indicator for automotive 
use measures in hundredths of a millimeter (a millimeter is 
0.0394 in.). One revolution ofthe large needle, from zero to zero, 
indicates one millimeter. The small needle indicates the number 
of revolutions made by the large needle. Five revolutions of the 
large needle would put the small needle at five mm. If the large 
needle moved from zero to 20, that would indicate 0.20 millime- 
ters. Shop manuals for most U.S. cars give specs in thousandths 
of an inch. Many foreign car manuals give metric specs. 
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phases of automotive mechanics dur- 
ing a one-year course. Operated by 
Chrysler, the nonprofit training cen- 
ter covers all makes of U.S. cars. GM, 
Ford, and AMC provide the school 
with technical 


information about 


Cam-lobe lift is checked during an engine 
overhaul, or if you're having lifter or valve 
problems. However, to check it precisely 
requires removing the camshaft from the 
engine. Another common way of measur- 
ing cam-lobe lift (used by mechanics in 
the field), without removing the head and 
camshaft, is to remove the rocker arms 
and place the dial indicator, as shown at 
left, on the tip of a pushrod. Rotate the 
engine by hand and observe the dial indi- 
cator. If the pushrod doesn't move up to 
within 0.006 in. of the specified cam lift, 
the camshaft is probably bad and will re- 
quire replacement. This procedure works 
with both hydraulic and solid lifters. To 
rotate the engine by hand you can use a 
breaker bár and socket on the nut at the 
end of the damper pulley. Best procedure 
for the do-it-yourselfer is to have a friend 
rotate the engine slowly while you ob- 
serve the dial indicator. Rotate until maxi- 
mum reading is seen on indicator. 


their own cars and offer other assis- 
tance. 

The pictures shown here were shot 
in Motech classrooms. The procedures 
are those used and recommended by 
Motech instructors. Gs) 


Excessive tire runout or wheel runout can 
cause a rough feel in the steering wheel. 
To check tire runout, dial indicator (with a 
roller tip) is positioned so that it measures 
up-and-down movement of tire as wheel 
is rotated (1). Excessive side-to-side run- 
out may be caused by a bent or out-of- 
round rim. To measure it, position dial in- 
dicator as shown (2), and rotate wheel. An 
out-of-spec rim must be replaced. It can- 
not be repaired. Consult your shop manu- 
al for specs and exact checking proce- 
dures for tires and rims. 


Reading a dial indicator 


The sharpest picture ever achieved 
in big-screen projection TV 

The new Heathkit Screen Star sets a new 
standard in picture quality for big-screen 
projection TV. The finest F1.0 lenses you 
can buy produce one of the clearest, 
brightest pictures ever. 

Imagine watching all your favorite TV 
movies and sports events on a big 6-foot 
diagonal screen. Heathkit's three-tube 
projection gives you brighter, more vivid 
color. And it's a lot easier to build than 
conventional TV's. 


A complete computer system in one 
com unit 

The Heathkit All-In-One Computer takes 
the guesswork out of selecting a bal- 
anced computer system. It includes 
built-in floppy storage, smart terminal, 
heavy-duty keyboard, 12-key numeric 
pad, Z80 CPU, and 16K RAM expandable 
to 48K—all in one compact unit. 
Two Z80 microprocessors mean ter- 
minal and computer never share 
power. So both can operate faster 
on more complex programs. And 
there's no better way to learn 
about computers than to build 
one yourself, 


Heathkit 


If coupon is missing, write Heath Co., 
Dept. 016-612, 
Benton Harbor, MI 49022 
Heathkit Products are also sold and serviced at Heathkit Electronic 


Centers (units of Veritechnology Electronics Corporation) in major 
cities throughout the U.S. See your white pages. 


The only computerized home 
weather station for instant, up-to- 
the-minute weather reports 

Just push a button for reliable weather 
information anytime you need it with 
the unique Heathkit Weather Station. 
It gives you digital readouts of 

F or C temperatures, wind speed in 
miles or kilometers per hour or in 
knots, wind direction, barometric 
pressure, date and time of day, even 
the wind chill factor. 

This microprocessor-based weather 
computer has memory to store data 
and precision infra-red sensing 
devices built into the outdoor trans- 
mitter. And it's very easy to build. 


The finest stereo receiver ever 
introduced by one of the 

leaders in audio technology 

It's loaded with luxury features that 

let you adjust your music to your 
preference. 

Special features include a Precision 
Tuning System (PTS) that automati- 
cally corrects mistuning. 5-section FM 
tuning capacitor gives you maximum 
rejection of unwanted signals for lower 
noise, cleaner sound. Digital frequency 
readout, center tune meter, and flywheel 
loaded tuning are just a few of the lyx- 
ury touches. Complete 
specifications are in the 
latest Heathkit Catalog. 


FREE CATALOG 


See all the newest innovations in build-it- 
yourself kits in the latest free Heathkit Catalog. 
It contains nearly 400 exciting kits for your home, 
work or pleasure. Send today. 
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Rid your glass doors of 


between- 


panes 


fogging 


By THOMAS A. GAULDIN 


Double-glazed patio doors are certain- 
ly more energy-efficient than the sin- 
gle-pane variety, but they are subject 
to an annoying problem: condensate 
between the panes. The most common 
type of door (see diagram) has two 
panes of glass separated by a hollow 
aluminum mullion. The mullion is 
filled with silica-gel granules to dry 
the air between the panes continually. 
This sandwich is sealed with a vinyl 
gasket and caulking. 

Eventually, the seal can break, 
however, and the silica gel become 
saturated with moisture. That's when 
condensate begins to form. But with a 
little work, you can cure the problem. 
You'll need to take apart the whole 
assemblage, dry out the silica gran- 
ules, and put the sandwich back to- 
gether with new sealant. Here's the 
step-by-step procedure. 

Begin by removing the screen; turn 
the screws at the bottom to relieve the 
tension on the rollers. Loosen the slid- 
ing section of the glass door in the 
same way. To remove it from the 
track, use a flat pry bar with a block of 
wood as a fulcrum. You'll need a help- 
er; these panels are heavy and cum- 


top and bottom. You may need to tap 
them gently with a mallet and wood block. 
Peel off the gasket and keep for reuse. 


Remove metal edging—sides first, then 


bersome. If the fixed door section is 
fogged, remove the clamps on the 
jamb side, force the door away from 
the jamb with a screwdriver, and then 
slide it far enough to expose and re- 
move the two small blocks at the top of 
the frame. Use your pry bar and ful- 
crum to take out the door. Place it on 
sawhorses or on the ground. If saw- 
horses are used, make sure the metal 
edges, not the glass, rest on the sup- 


ports. 

Remove the edges; then pull the vi- 
nyl gasket gently away from the glass 
(see photo). Insert a thin, razor-type 
knife between the top glass and the 
mullion, and run it around the perim- 
eter to cut through the old sealant. 
Remove the top glass. Next, cut loose 
and remove the mullion, pry it apart 
at the corners, remove the end caps, 
and pour the silica gel that’s inside 
into a baking dish (avoid skin contact 
with the silica). Bake in a 400-degree 
oven for at least three hours to drive 
off the moisture and restore its desica- 
tive abilities. 


Clean and reassemble 


Remove all traces of the old sealant 
from both glass and mullion with a 
razor blade and a rag saturated with 
lacquer thinner. (Wear goggles and do 


Bond gasket to glass with new sealant. 
With fingers, work sealant into space be- 
tween glass and mullion and % in. over 
edges. Remove excess after 24 hours. 


x 


Unsightly condensate between the panes of double-glazed 
patio doorscan usually be cured with a low-cost home remedy. 


GLASS 
DRY AIR 


ALUMINUM MULLION 


GILICA-GEL GRANULES: 


Most common type of double-glazed pa- 
tio door looks like this in cross section. 
This type can be disassembled and reju- 
venated if moisture gets in. A more ex- 
pensive type, however, uses glass that is 
sealed by fusing together the edges of the 
two panes at high temperatures with addi- 
tional molten glass. Such glazing seldom 
loses its seal, but if it does, nothing can be 
done to dry it. An inspection will tell you 
which type you have. 


not smoke.) Finally, wash the glass 
with a solution of one-half cup ammo- 
nia per gallon of water; polish with 
crumpled newspaper. 

When the silica is baked and cool, 
pour it back into the mullions. Reas- 
semble the mullion with the perfora- 
tions facing inward. With a caulking 
gun, place a ?4e-in. bead of silicone 
sealant around the inside edge of the 
bottom sheet of glass. With a helper, 
carefully lower the mullion onto the 
sealant and press lightly. Then run a 
bead of sealant on top of the mullion 
and lower the top sheet of glass onto it. 
Check position with a small square. 
Run a larger bead of sealant around 
the edge and replace the vinyl gasket, 
pressing it gently into the fresh seal- 
ant (see photo); the splice in the gas- 
ket should be at the top. Next replace 
the metal edges of the door and put it 
back into the frame. 

How much did you save? A tube of 
sealant costs about $4; a new six-foot 
door assembly costs about $300. Eis] 
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SHOP TALK 


By RICHARD STEPLER 


That's packaging 

The next time you go to the hardware 
store to buy a box of screws, nails, or oth- 
er fasteners, you may see one of the sys- 
tems shown above instead of the familiar 
array of blister packages. Each package of 
hardware is actually a drawer that slips 
into a plastic storage cabinet sold as part 
of the system. At present, there are two 
versions: 

* Stanley calls its entry the Assembly 
Line (top photo). It includes 280 items in 
two sizes of clearly labeled drawers, each 
with a transparent lid. A storage cabinet 
(the Organizer) holds 15 drawers, costs 
$1.79 (empty). Prices of the drawers of 
fasteners: 59, 69, and 79 cents. Draw- 
backs: There’s wasted space because the 
drawers don't entirely fill the cabinet. And 
you must remove the lids before you slide 
the drawers in. I'd prefer to leave ‘em on 
so I'd have spillproof containers to carry 
to the job. 

9 The Drawer'N Store system (bottom 
photo) is imported from Germany by Suki 
International (8000 Cooper Ave., Glen- 
dale, N.Y. 11227). It's a bit more elaborate 
than Stanley's, with two sizes of interlock- 
ing cabinets and six sizes of drawers. 
Suki's cabinets cost $1.99 (empty), and 
drawers of fasteners range from 49¢ to 
$1.19. You can leave the lids on the draw- 
ers in this system, and the drawers slide 
into the cabinet with no wasted space. Ei- 
ther system is a great improvement over a 
tumble of baby-food jars. 
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A new name 


You'll be seeing a new brand of abrasives 
and related products in hardware stores 
and home-improvement centers soon. 
The Norton Co., which has been in the in- 
dustrial-abrasives business for more than 
90 years, is now offering its products to 
consumers. Norton's line includes sand- 


paper, grinding wheels, cutoff blades, 


sharpening stones,  adhesive-backed 
sanding discs, plus safety goggles, respi- 
rators, and dust masks. 


Wood-stove safety 


As more homeowners install wood 
stoves, more home fires are being attrib- 
uted to these appliances. The Consumer 
Products Safety Commission says that 
improper installation and misuse of the 
stoves is responsible for the growing 
problem. (PoPULAR Science has regularly 
alerted its readers to wood-stove dan- 
gers, most recently in PS, Nov. 77, Oct. 
778, and Oct. 79.) 

Insurance companies, needless to say, 
are also concerned; the Insurance Infor- 
mation Institute offers these rules for the 
safe use of wood stoves: 

* Provide proper clearance between 
the stove and any combustible material. 


* Place the stove on a fireproof base. 

* Make sure the stove is made of a 
sturdy material such as cast iron or 
Steel. 

A pamphlet with more tips is free from 
the Institute (110 William St, New York, 
N.Y. 10038) Include a self-addressed, 
stamped envelope. 


Gripping gloves 
Cling Grip gloves have a rubber-polymer 
textured, 


"o 


nonslip surface that should 


be great for handling brick, concrete 
block, lumber, or any other rough sur- 
face. They also keep broom and rake han- 
dles from slipping and causing blisters. A 
dozen pairs cost $21 from Advance Glove 
Mfg. Co., 901 W. Lafayette Blvd., Detroit, 
Mich. 48226. 


That's packaging II 
This new packaging for sandpaper falls in 
the same category as the Stanley and Suki 


. 
fastener systems—the “give ‘em some- 
thing to keep it in” school of useful prod- 
ucts packaging. (This looks like a promis- 
ing trend.) Howard Hardware Products’ 
contribution is a 25-sheet package of 
sandpaper that hangs on the perfboard in 
your workshop or stores flat on a shelf. A 
self-dispensing opening in the top lets 
you remove individual sheets. An open 
window in the pack lets you feel the finish 
of the sandpaper, and the packs are color- 
coded for “instant recognition.” You've a 
choice of aluminum oxide, garnet, wet or 
dry, and no-load, in nine-by-11-in. sheets, 
discs, or orbital sanding sheets. 


This winter, work 
in the Reddy Heater 
comfort zone. 


Come out of the cold. And into the comfort zone. 
The Reddy Heater comfort zone. 
Reddy Heater is a lightweight, super portable oil-fired 
heater that transforms the coldest garages, workshops 
and other unheated buildings into warm work areas. 
There's no installation. Just fill the tank and 
plug in for instant heat* 

Best of all, Reddy Heater costs just 
pennies an hour, and most models run 
up to 14 hours on one filling. 

So, this Winter, work in a comfort 
zone. The Reddy Heater comfort zone. 
You'll be all the warmer for i 


#1 fuel oil. Blower and automatic ignition 
tes on standard grounded electrical outlet. 


" 
WI 


FASTER DIVISION 
ANG GREEN. KENTUCKY. 


OWN your own 
MAIL ORDER 
Wholesaling 


Business M 
qme s 
) inessi» 
Home BUSIne? 
Buy at Rock Bottom | -y — AME 
proli 


i| Below wholesale {Ë 
prices like 


it thes 


WHEN SGI TRIN 
PERSONAL COMPUTERS 
THINK GHG SCIENTIFIC 


For literature and the name 


SCIENTIFIC: 


1333 SOUTH CHILLICOTHE ROAD 
AURORA, OH 44202 » (216) 562-3101 


of your lacal dealer, CALL 
1-800-321-6850 TOLL FREE. 
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Heat-circulating 


brick 
fireplace 


By RICHARD STEPLER 


It looks like any other brick fireplace. 
Only four grilles (visible above the 
mantle and at the base of the hearth 
in the photograph) hint at what lies 
inside this energy-saving version: 
Double-wall construction sandwiches 
a series of baffles that provide a ser- 
pentine path for room air to follow and 
pick up heat held in the fireplace’s 
brickwork. Other energy-saving fea- 
tures of the fireplace: 

* Ducts bring combustion air di- 
rectly from outside the house. This 
eliminates drafts and keeps the fire 
from being "starved" in a tightly 
sealed, well-insulated house. 

* Glass doors prevent heated room 
air from escaping up the flue. You can 
close them when you retire without 
fear of sparks jumping from the dying 
fire. 

* Two thermostatically controlled 
blowers inside the brickwork force 
room air through the fireplace and out 
into the room. In fact, heated air could 


FRESH-AIR DUCTS 


INSULATION TO OUTSIDE 


CENTER PARTITION 


Lerr 
MEAT 
CHAMBER 


RIGHT 


CHAMBER 


FiREBRICK 


BAFFLES 


FRESH-AIR N 
Damper 


RAISED 
HEARTH 


id PLAN VIEW E A B SECTION "B-B" FRESH-AIR DUCTS — FIREBRICK 


Spotlights accentuate brick's warmth (photo). Behind heat-cir- of baffles (drawings) to heat room air efficiently. Two blowers, 
culating Brick-O-Lator fireplace's face, there's a serpentine series also inside fireplace, circulate heated air. 
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| 
BE An airtight case for America 
te DAMPER e 
| finest woodburning stoves. 
T You don't have to suffer through another 
Location | ee winter of ever-rising fuel bills. Take a look 
CONVEN- j CHANDER at the airtight, all cast iron DEFIANT, 
TIONAL [ a VIGILANT and RESOLUTE— 
AUTO / woodstoves as good looking as they are 
functional. Each offers every requirement 
oU ABER for safe, efficient, economical heat: 
E * Automatic thermostatic control — 
/ NSuLATON allows slow, even burningall night 
| longona single loading. 
ees "I | B b cud * A unique baffling system — 
OR i l 1 [LM with preheated air passages, a true 
"B af secondary combustion chamber and 
Ig akt increased flamepath length. The result? 
rasanan ju DAC. P More heat from less fuel. 
eile da * Converts easily to a fireplace — 
in = CHAMBER With the doors open, enjoy the warmth 
ofa friendly fireplace. Close them, and 
EN ue E E gain the total efficiency of a superior 
airtight heater. 

— o" Send today for full information. — | 
You can choose conventional or chain-op- © enclose $1.00. Please send me your complete 
erated flue-top damper for Brick-O-Lator. information packa e and full color literature. 

eat my home with O Oil C Gas O Electricity. 


The DEFIANT is Vermont 


Castings’ largest stove Name. 


be sent to another room via insulated 


ductwork. Heats to 10,000 cubic feet Eo EE 
Dubbed the Brick-O-Lator by the Produces up to55 000 BTU's. C_—_—_——— — — — — X 
Brick Assn. of North Carolina (Box Accepisnt logeqio recolo State zi — ——— 


full information, mail the 
coupon today 


6305, Greensboro, N.C. 27405), the Ve s I 

fireplace can be built from plans avail- Vermin Castings, A aud : 
able at your local brick manufacturer ©1979 Vermont Castings, Inc. : Telephone: 2 " 
or from the association. à 


How it works 


The fire, blazing behind glass doors, 
heats the firebrick and the system of at, en Our 
baffles. The blowers, controlled by 
thermostat, draw room air through . bd 
the upper grilles, force it through the C ain Saw ike a 
series of baffles, and out into the room 
through the lower grilles. The fresh- 4 
air vent, located on the floor of the d 
firebox, is adjustable so you can regu- 
late the fire’s intensity and slow down 
the burning rate. 

Construction begins with the base, 
which includes three ducts: outside 


combustion air duct (two short This 

lengths of steel downspouts); and two revolutionary 

warm-air exhaust ducts (openings chain saw sharpener ~ 

may be to the front or sides of fire- grinds a razor sharp 

place). The firebrick floor and walls edge on any size chain 

are laid using full mortar joints that saw using a specially made 
are as thin as possible. The heat grinding wheel. All you supply 
chambers, with their baffles, are laid is a 'A" electric hand drill. The 


directly behind the firebox. The bal- Pro Sharpener’ assures the 

ae oe the brickwork is as shown in correct grinding angle and a [ao Siap Capo 
thedrawiigs Lo built-in gauge maintains the [ASSAF 
proper guide height 4 


Please rush — Pro Sharpener(s) at $12.95 each plus 
| $1.95 postage and handling per unit ($3.00 outside 


LIST OF MATERIALS The Pro Sharpener produces | US) Send check, money order or Master Charge. 
3350 bricks, including 310 face brick for profile (brick lo "s. 

quantity for fireplace and hearth is figured from floor a ground edge—much sharper Yi Ana E 

line to ceiling only). (1) 36 * damper (or Lyemance chim- than a filed edge. Comes com- | Conn. Residents add 7% sales tax. 

ney-top damper). (1) metal lintel "4 " by3" by 5" by50" é | Name 

long. (1) metal lintel '4 " x 3" by5" by 44 " long. (2) gal- plete with three grinding 


vanized metal downspouts 3" by 4" by 32” long (for 


| Address 


utsid combustion air duct) (1) glass fireplace door wheels (enough for up to 30 City State. Zip. 

jor 30 " by 36" opening. Special equipment kit (available 

from brick manufacturer or from IXL, Inc., Box 21605, Sharpenings) plus a hand fie | mportant: To insure correct grinding wheel size 
Greensboro, N.C. 27420) includes: (2) blower boxes adapter. | Indicate your Chain Saw Mig. 

with 265-cfm fans; (2) grilles with on/off switches; (1) ouo MN 
wall-mounted thermostat; (2) warm-air registers; (1) *Patents pending į 30 Day Unconditional money back guarantee. PS-18 


fresh-air damper; (1) set of plans. 
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o-faced 
closets 


you can add to your home 


Running out of storage 
space? Double the utility 
of add-ons by putting 
doors on both sides 


By JOHN FREE 
DRAWINGS BY CARL DeGROOTE 
FROM SKETCHES BY CARL SIGMAN 


Do you find yourself going in circles in 
your house to locate or store some- 
thing ina closet? Are you greeted with 


Opening in wall separating hall and bed- 
room provides closet space on hall side 
for bathroom supplies; clothing and linen 
are in bedroom side of closet. 
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an avalanche of suitcases, cardboard 
boxes, sporting equipment, and mop 
handles when you open a closet door? 
Then you know it's time to add extra 
storage space. 

But before you break out your pow- 
er tools, look over Carl Sigman's de- 
signs on these pages, and figure out 
how to make your add-on closets dou- 
bly useful. If you plan to cut through a 
partition wall to provide room for a 
closet, why not install closet doors and 
shelves on both sides of the wall? 

With this technique, for example, if 


NEW 
FRAMING 


us 


you cut through a partition between a 
bedroom and hallway, one side of the 
closet can store bathroom supplies 
and towels, while the bedroom side 
can hold blankets, sheets, and cloth- 
ing. Such a design, shown below, re- 
quires some advanced planning to al- 
locate space according to expected use. 
In this case, the bathroom-supply sec- 
tion has less than a foot of shelf depth, 
while the bedroom-closet shelves and 
the garment section are 20 inches 
deep. 

If you can remove a section of parti- 


Two-faced closets 


tion up to about 12 feet, a variation of 
the adjacent-room closets sketched 
below might involve separating the 
closets with a dressing table and mir- 
ror in one of the rooms. Finally, to 


EXISTING 


AOAN 


CLOSET 


Hil 


keep partition trimming to a mini- 
mum, the overstairs design shown 
here may help solve your storage 
problems. It makes clever use of space 
that ordinarily goes unnoticed. W 


EXISTING 
WALL 


Separate closets for adja- 
cent rooms make this five- 
foot storage space doubly 
useful. Offset doors per- 
mit full use of two-foot 
closet depth from both 
rooms. You can build in 
combinations of storage 
shelves and open areas 
for hanging garments. 


Overstairs closet puts in- 
accessible space to use. 
This two-face approach 
provides storage space 
in a hallway for linen, 
and access to separate 
shelves from another 
room. Add-on minimizes 
partition removal, since 
cuts for closet doors 
within room are the only 
modifications needed. 


TO COMPLETE 
YOUR WORKSHOP 


ATLAS 


IT'S CONVERTIBLE 


NOW 
ONLY 


823500 


plus $30 handling and shipping 


The Atlas Band Saw * Handles cut- 
off operations in a wide range of metals 
— from steel and iron, to aluminum, 
brass and copper * Comes complete 
with % hp, 1725 rpm motor * Takes any 
Shape stock — bar, flat, square, hex, 
tubing structural shapes, and cuts it at 
any angle from 90° to 45° Max. capacity 
is 4"x 6" e 3-speed V-belt and worm 
gear drive offers speeds of 90, 155, 250 
rpm eSwivelingrapid approach/release 
type vise allows fast set ups. Set desired 
cut, and spring control feeds blade at. 
proper speed for smooth, fast cuts e Has 
stock stop for repeat cutting e Converts 
tovertical position for contouring, notch- 
ing, slitting, and other operations in 
metal or wood. Length 41" height 37"; 
width 16%" Extends to 43" length, 47%” 
height in vertical position. 
ATLAS HANDSAW 


Mail To: ATLAS PRESS COMPANY, Dept. 75 
2019 N. Pitcher, Kalamazoo, MI 49007 


I please send me the Atlas Band Saw (Model 4359). 
Enclosed is my check or money order for $265.00. 
(Includes shipping and handling) or charge my order to: 

TO visa O Master Charge 


Vaca. #. Exp. Date 
Name 
Address. 

T — 
CJ Send FREE Atlas Power and Hand Tool Catalog. 
Michigan residents add 4% sales tax. 


I Available continental U. S.A. only. 
I — Price subject to change without notice. 


4 


Le 
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AUTOMOTIVE- 
MAINTENANCE 
FILE PAGE 


SCALE 


OHMMETER 


Trouble-shooting wih an ma 


ohmmeter ” 


CALIBRATE 
| ‘OFF ZERO OHMS 


SELECTOR 


By RAY HILL 
and STEVE MERCALDO 
SKETCHES BY GENE THOMPSON 


An ohmmeter is a valuable tool for electri- 
cal trouble-shooting. It can be used to 
check spark-plug cables, ignition coils, the 
pick-up coil in an electronic-ignition dis- 
tributor, radio antennas, and many other 
items. 

An ohmmeter puts to work Ohm's law, 
which states that current flow in a circuit. 
is proportional to voltage and inversely 
proportional to resistance. A current in the 
circuit under test is induced by a small bat- 
tery of known voltage. Thus, the less cur- 
rent flowing in the circuit, the higher resi 
tance, and the ohmmeter's scale can be cal- 
ibrated directly in ohms. 

Problems begin in an automotive electri- 
cal circuit when resistance is too high (pre- 
venting adequate current flow) or too low 
(allowing too much current flow). 

An ohmmeter should never be connected 
toa live circuit. This can cause an incorrect 
reading or even damage the meter. For ac- 
curate, safe test readings the wire or part 
of the circuit being tested must be electri- 
cally isolated from all other parts of the cir- 
cuit. The easiest way to accomplish this is 
to disconnect all wires to the part or wire 
being tested. 

Begin any test procedure by looking up 
in the car’s shop manual the resistance of 
the part being tested. Next, select the cor- 
rect ohmmeter range. The meter depicted 
here has three ranges: In range X1, the 
scale reads directly. In X100 you multiply 
the reading on the scale by 100, and in 
X1000 by 1000. 

For example, a reading of 10 on the X1 
scale indicates 10 ohms. On X1000, a read- 

Continued 3 


SPARK-PLUG WIRE 7" 


METAL 
EXTENSION 


HIGH-TENSION 
TERMINAL TONER 


ROTOR 


DISTRIBUTOR 
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Newport 


After all, if smoking 


isn't a pleasure, 
why bother? ` 


Warning: The Surgeon General Has Determined 
That Cigarette Smoking Is Dangerous to Your Health. 


insulate 


wires, handles 


cover 


splices, rope ends 


repair 


non-pressure pipes; 
do many fix-it jobs in the home, 
shop, garage with 


ThermoFix" 
Kit 


Heat the tubing with a lighter, hair dryer, 
propane torch, etc. It shrinks, adapting snugly 
even to irregular shapes. Heat the tape and it 
shrinks, bonding securely to most common 
materials. 


The ThermoFix™ Kit has 10-foot long pieces 
of plastic tubing in the most convenient 
diameters, from '/^' to 2: Also, a six-foot roll 
of 2° adhesive-backed tape. 


Price, per kit: $10.00 plus $1.00 for shipping 
Send check or money order to: 
ThermoFix™ Kit 
Raychem Corporation 
P.O. Box 8036 
Redwood City, CA 94063 
Allow 3-4 weeks for delivery 


“Most claims for wood stoves 
are a lot of hot air.” 
If you're tired of hearing about “thermostati- 
cally controlled downdrafts” and paying more 
for stoves with Danish proverbs on the front, 
maybe you'd find this booklet both interesting 
and profitable. It's yours for the asking and 
-ira $1.00 for postage and han- 
dling. Write to Hayes 
ipment Corp. P.O. Box 
526-P, 150 New Britain 
Ave., Unionville, CT 
06085, 203-673-2556. 


Our Model 501 Fireplace Stove has a full baffle 
and internal damper (most stoves don't have either), 
plus a safety glass door section for viewing the fire. 


Better’nBen’s® 


Our stoves make more sense. 


 ———— 
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Ohmmeter 


(Continued) 


ing of 10 represents 10,000 ohms. Select a 
range that gives a reading as near the cen- 
ter of the scale as possible since that’s 
where readings are most accurate. If you 
were checking, say, a ballast resistor that 
was supposed to have a resistance of five 
ohms, then you would set the meter on the 
X1 scale, which indicates resistance from 
zero-100 ohms. 

After you have chosen the scale, turn the 
meter on and connect the two leads. Adjust 
the calibration knob until the needle reads 
zero. If you're unable to get a zero reading, 
check the battery. Also recalibrate when 
changing scales, unless the manufacturer 
of the meter directs otherwise. 

Now you're ready to begin testing. 


Checking spark-plug wires 


Check your car's service manual for the 
spark-plug wires' resistance specs. Let's 
say it calls for 50,000 ohms. You would set 
the meter on the X1000 scale. 

Remove the distributor cap from the dis- 
tributor, but leave the plug wires attached. 
Remove a spark-plug wire from a spark 
plug and connect one lead to the spark- 
plug end of the wire and the other lead to 
the terminal inside the distributor cap that 
is connected to the wire being tested (see 
drawing 1). 

Read the meter and compare with shop- 
manual specs. If the resistance of the wire 
exceeds 50,000 ohms, check to see if the 
wire is pushed all the way down in the dis- 
tributor tower. Sometimes it’s not, and 
pushing it in all the way can eliminate ex- 
cessive resistance. 

If the resistance is still too high, remove 
the wire from the distributor cap and 
measure the resistance of the wire alone— 
by attaching the two leads to either end of 
the wire (2). If the resistance remains too 
high, the wire is bad and you'll have to 
replace it. 

If the resistance drops to normal, check 
for corrosion inside the distributor tower. 
A brush for cleaning the towers in the dis- 
tributor and ignition coil is available at 
auto-parts stores. Also, inspect the inside 
of the distributor cap for corrosion and for 
cracks. If the distributor cap cannot be 
brought back to specs by cleaning, or if it is 
cracked, replace it. 


Checking an ignition coil 


Coil resistance that is higher or lower 
than specified can affect ignition-system 
performance. Look up the specs in your 
shop manual. Let's say they call for a pri- 
mary resistance of 1.40—1.80 ohms and a 
secondary resistance of 7200-9400 ohms at 
an ambient temperature of 70 degrees F. 

Remove the primary and secondary 
wires, but leave the coil in its mounting 
bracket in the engine compartment. Set 
the meter selector switch to the X1 range. 
Then connect the meter leads to the prima- 
ry terminals (3) and compare the reading 
with specs. 

To check the resistance in the secondary 
windings of the coil, set the selector switch 
in the X1000 position. Connect one lead to 
a primary terminal and the other into the 
coil’s high-tension tower (4). You may need 


a small metal extension to make electrical 
contact in the tower. If either reading is not 
within the range specified, the coil should 
be replaced. 

To be absolutely sure a coil is okay, you 
should have a coil-output test made. This 
checks the ability of the coil to put out high 
voltage. A garage can make this test for 
you. 


Checking magnetic pickup coil 


Check your shop manual for the exact 
recommended procedure. But to give you 
an idea of the general procedure, here is 
how to check the pickup coil in a General 
Motors High-Energy Ignition System. 

Remove the distributor cap. Disconnect 
the green and white pickup coil wires from 
the electronic-ignition-module terminals. 

Set the ohmmeter to the X100 range. 
Connect the ohmmeter leads to the discon- 
nected pickup coil leads (5). Observe the 
ohmmeter reading: It should be between 
500-1500 ohms. 

It’s a good idea to apply zero—20 inches of 
vacuum to the vacuum advance unit while 
observing the meter. Readings through- 
out the vacuum range should remain un- 
changed. 

Now, disconnect one ohmmeter lead (it 
doesn’t matter which one) and connect it to 
the distributor housing (6). Set the ohmme- 
ter on its highest range. The meter should 
read infinity, indicating no electrical con- 
nection between the pickup coil and 
ground. Apply vacuum to the vacuum ad- 
vance while making this check, too. This 
way you make sure things don’t change as 
the vacuum advance mechanism moves 
through its range of motion. 

These tests check for broken leads or bad 
connections which can cause problems in 
the ignition system. 


Checking the radio antenna 


If excessive static, intermittent recep- 
tion, or no reception is a problem with your 
radio, the antenna could be the culprit. 
Disconnect the antenna cable from the ra- 
dio (7). 

Test 1. Connect one lead to the top of the 
antenna, and the other to the radio pin. 
The radio pin is the piece at the end of the 
antenna cable that slips into the radio. The 
reading should be low, usually under five 
ohms. A low reading indicates a good con- 
nection between the tip of the antenna and 
the radio pin. 

Test 2. Connect one lead to the cable end, 
and the other to the antenna base. A read- 
ing below five ohms indicates a good 
ground connection. 

Test 3. Set the meter to the X1000 range. 
Connect one lead to the cable end and the 
other to the radio pin. The meter should 
read infinite resistance, indicating no elec- 
trical connection between the radio pin and 
ground. 

When making these three checks, wiggle 
the antenna. Readings should remain the 
same when the antenna is wiggled. A 
changing reading indicates an intermit- 
tent connection or short. 

If the antenna fails any of these tests, 
replace it. we) 


EQUIPMENT AND 
TRAINING NO OTHER 
SCHOOL CAN MATCH! 


EXCLUSIVE! TRAIN WITH 
THE NEW H89 NTS/ 
HEATH ALL-IN-ONE 
MICROCOMPUTER! 

NTS's Master Course in 
Microcomputers now 
includes this remarkable 
new desk-top computer. 
Features floppy disk 
storage, "smart" video 
terminal (terminal has its 
Own microprocessor, doesn't 
share one with computer as 
- do most desk models), two 
Z80 microprocessors, 16K 

RAM expandable to 48K, 

professional keyboard. 


Explore micro- 
computers, digital 

systems and more, 
with state-of-the-art 
equipment you 
build and keep! 


Heathkit Hag 


NTS/Heath Digital Receiver 


The new H89 (pictured above) is here 
and NTS home training has it! An exciting 
way to explore the very latest in 
microprocessor technology. 

Of course if your interests lie in other 


Our new full color catalog shows you 


areas of electronics, NTS has 14 programs 
to choose from. And they include the widest 
array of solid-state and digital equipment 
ever offered by any home-study school. 
Besides the latest in microcomputers, 
students may work with the NTS/HEATH 


digital color TV (25" diagonal with optional 
programming capabilities), digital test 
equipment, an NTS/HEATH digital stereo 
receiver (70 watts per channel), plus much 
more field-type equipment to make your 
training exciting and relevant. 

Each NTS program uses step-by-step 
lessons and manuals to guide you through 
experiments, testing. and kit building as you 
develop skills. The NTS Project Method of 
training is one of the many reasons 
students quickly acquire practical 
know-how. 


what each course covers, and identifies 
every unit of equipment included. Send for it 
today and discover for yourself the many 
advantages of NTS electronics training, and 
how you can benefit. 


NATIONAL = SCHOOLS 


TECHNICAL-TRADE TRAINING SINCE 1905 
Resident and Home-Study Schools 
4000 South Figueroa St., Los Angeles, Calif, 90037 


NO OBLIGATION. NO 
SALESMAN WILL CALL. 
APPROVED FOR 
VETERAN TRAINING. 


À NIS] 


E 


NTS also offers courses in Auto Mechanics, 
Air Conditioning and Home Appliances. 
Check card for more information. 


NATIONAL TECHNICAL SCHOOLS 
4000 South Figueroa Street, Dept. 202-010 
Los Angeles, California 90037 


Please rush FREE color catalog on course checked below 


C MicroComputers/MicroProcessors ( Audio Electronics 
O Communications Electronics C] Auto Mechanics 
O Digital Electronics O Air Conditioning 


Simulated TV Reception 


O Color TV Servicing C Home Appliances 
| Name Age 
Address | 
Apt. City 
} State Zip | 


^. O Check if interested in G.I. information. 
C Check if interested ONLY in classroom training in Los Angeles. | 


ONE-MAN 


ONE-MAN 
PORTABLE 


If you need good, high-quality lumber, don't let 
inflated lumber prices stop your important building 
Projects. The Belsaw goes right to the trees and 
turns out smooth, true-cut lumber . . . even begin- 
ners get excellent results. Just one man (no crew 
needed) can easily cut enough on weekends to save 
hundreds of dollars over high lumberyard prices. For 
power use tractor PTO or other low HP diesel or 
electric unit. Factory-direct selling keeps price low, 
and convenient time payments may be arranged. 


Send for FREE BOOK! Just mail coupon below for 


“How To Saw Lumber” booklet and complete facts 
on the ren Sawmill. There is NO Obligation 


BELSAW MACHINERY CO. 


3106 FIELD BUILDING 1 

KANSAS CITY, MO 64111 H 

Please send all facts and details in | 

your FREE BOOK “How To Saw 1 

a Lumber”. I understand there is No V 

Ix] Obligation and that No Salesman will V 

TA: call on me. H 

! Name H 
E H 


ity-State 
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The absolute latest in 
advanced speaker techno 
logy. Wave Aperature 
Drivers, the Patented 
Nestrovic Woofer System, raw 
speaker components selected for 
their excellence. Horns, crossovers, subwoofers. woofers. 
midranges, hom and dome tweeters. Over 30 in all. Build 
your own speaker system and we'll provide top quality 
speakers and design information, Send for FREE 48 page 
color catalog from the largest, most experienced speaker 
kit manufacturer in the world. DON'T DELAY. Write today! 


Secakerlae 


1. 183, 735 N. Northlake Way 
Bebtile, Washington S103 


Components 


tity Prices. Send $1.00, for 60 
Catalog. Refunded on $10.00 Order. 


NEWPORT ENTERPRISES, INC. DEPT C 
2313 W. Burbank Sivd., Burbank, Calif. 91506 


WHAT'S HE DOING! 


Making a Concrete 
Flower Pot! ... and 
SO CAN YOU! 
Make and sell your own 
Ornamental Concrete items. 
Rush $5.00 for Book 
about Aluminum Molds 
with prices and production trade secrets 
direct from world's largest mold manufacturer. 
Over 350 designs to select from. 


Send $5.00 CONCRETE MACHINERY COMPANY 
Today To > P.O.BOX B99- HICKORY, N. C. 28601 


IAKING CARE OF YOUR CAR 


Got a useful car tip? Send it (with Social Security No.) to Car Care, Popular 
Science, 380 Madison Ave., New York, N.Y. 10017. We'll pay you $25 
if we use it. If two or more readers send in the same usable tip, the one 


By RAY HILL 


with the earliest postmark will be chosen. Sorry, but tips can't be returned. 


Checking the rotor on GM HEI ignition systems 


Electricity takes the path of least resis- 
tance. Sometimes, in an HEI ignition sys- 
tem, that path is through the plastic part of 
the rotor to the metal shaft it’s attached to. 
The result? Decreased ignition perfor- 
mance. At every tuneup the rotor should 
be removed and inspected for cracks and 
burns—clues that indicate current is arc- 
ing through the rotor to the distributor 
shaft. If you find any cracks or burns, re- 


Checking vacuum advance 


Here's a quick way to check the distribu- 
tor's vacuum advance if you don't have a 
vacuum pump handy: Remove the vacu- 
um line from the diaphragm housing. Ro- 
tate the breaker plate until it reaches its 
full travel in the spark-advance position. 
Place a moistened fingertip firmly over 
the hole where the vacuum hose con- 
nects. Release the breaker plate. If the dia- 
phragm is good, the breaker plate will 
move slightly until it takes up the slack in 
the linkage and diaphragm. Then it will 
stay in the advanced position until you re- 
move your fingertip. 
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place the rotor. At this time, also, inspect 
the distributor cap for cracks or burns, and 
replace it if any are present. Another thing 
worth remembering about the HEI sys- 
tem: Some tachometers and other elec- 
tronic diagnostic equipment may not be 
compatible with it. If in doubt about your 
equipment's compatibility, check with the 
maker, whose name and address should 
be stamped somewhere on it. 


HEATED-AIR-DOOR 
VACUUM MOTOR 


Poor drivability 


Got a Chrysler car or truck with a 198 or 
225 six-cylinder engine or V8 made during 
1974—78, or an Omni or Horizon, with a 
drivability problem during warmup? This 
fix may help. Install a vacuum-delay valve 
in the vacuum line between the heated 
intake-air temperature sensor and the 
vacuum motor for the heated-air door. 
Part number of the valve is 4104371. On 
sixes and V8's, place it midway between 
temperature sensor and vacuum motor; 
on OmnilHorizons, install it four inches 
from vacuum motor. Smallest valve end 
should face vacuum motor. 


© 


w 


« 
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Bolt too long 


Shortening a bolt with a hacksaw? Screw 
the nut on past the point where you'll cut 
the bolt. Putthe bolt in a vise and saw the 
excess off. Then smooth any sharp edges 
on the end of the bolt with a file and un- 
Screw the nut. If the sawing operation 
caused minor thread damage, the nut will 
clean up the threads as it is removed. Now 
the nut will go back on easily. Double- 
check the length before sawing. 


BALL JOINT a 


Checking steering linkage 


If your car has a lot of play in the steering 
wheel, it may be caused by loose steering 
linkage. To check, with the car on the 
ground, eyeball the linkage from the side 
of the car. Now have a friend jerk the 
steering wheel back and forth (with power 
Steering, the engine must be running, 
transmission in park, parking brake on). 
Look at the ball joints. They should not 
move up and down as the steering linkage 
moves side to side. Nor should they be 
loose at the joints. If you see any up-and- 
down movement or looseness, you 
should have the ball joints replaced. 


that's light years ahead. 


The NEW 
Solar Alarm— 
Chronograph 
Stopwatch 


A personal alarm 
system, with 
chronograph 
functions, powered 
by light. 


Probably the most efficient time piece ever 
designed 


In an age of electronic gadgets and space age 
immicks, Cambridge International has 
signed a watch that brings modern technol- 
coy ack down to earth. No whistles and bells 
to inflate the price. In fact, this LCD Solar Alarm 
Chronograph dares to be different by offering 
you a highly precise, no-nonsense time piece 
without a lot of costly frills. Instead, you get the 
performance and accuracy you really need 
with the functions that are truely needed today. 


Forget about battery replacement 

You see, the Solar Alarm Chronograph actually 
harnesses the power from the sun and ordinary 
light and transforms it into the energy needed 
to operate this time piece plus recharge special 
designed micro-energy cells. A mere 15 min- 
utes of exposure to light, energizes the solar 
cells for 24 hours! 


Unbeatable quartz accuracy 


ing parts to wear out 
or replace, you'll be enjoying this reliable solar- 
powered timepiece for many years to come. 


8-Way Precision Accuracy 
This highly distinctive timepiece utilizes the 
very latest micro technology to offer you time 
keeping precision 8 different way: big, 
easy-to-read LCD display constantly shows 
you the exact hour, minute, second and day. A 
touch of the command button will change the 
read-out to the month, date and day. Ór you 
select the stopwatch mode which displays 
the running seconds to 1/10 second up to 10 
hours. In this mode, it is a lap timer and can be 
stopped and started without affecting the regu- 
lar time accuracy. A feature that is perfect for 
timing phone calls, sports events or your own 
exercising program. Another touch highlights 
the display for easy viewing at night or under 
diminished light conditions. 


The Personal Reminder System 

The most unique function of this solar chrono- 
graph, is the easy-to-set 24 hour alarm sys- 
tem. It sounds with a pleasant electronic beep 
precisely at the pre-set time. Your own per- 
sonal alarm system will automatically beep you 
at the right time for “on-time” punctuality, so 
important with todays busy schedules. 


A Special Warranty 
As dramatic evidence of our confidence in 
this timepiece of the future, Cambridge 
International and the manufacturer, Norwalk 
Electronics (who manufacture and design 
watch modules on a world wide basis) are offer- 
ing a 10 year warranty on the solar cells, a 5 
year warranty on the rechargable micro energy 
cells made by Mallory and a 1 year warranty on 
the quartz mechanism. 


MM 


INTRODUCING.. .the watch — 


v 


only 


$49.95 


e Light energized 


* Electronic 
quartz accuracy 


* Month-date 
display 


e 24 hour alarm 


e Stopwatch 
functions 


Test It for 2,592,000 seconds 

Take 30 days (2,592,000 seconds) to test the 
accuracy and utility of this precision timepiece. 
If you find this chronograph does not live up to 
your own high standards, return it for a full 
refund. It's that easy. 

If you have been looking for that special 
timepiece of the future, here is your chance! A 
oM Meroen. without gimmicks, 
but all the features you'll ever need in a watch. 


An Extra Special Value 
Cambridge International purchases this. 
unique timepiece for world wide distribution 
directly from the manufacturer. Because of 
these special marketing Srrangements, we are 
able to offer this Solar Alarm Chronograph for 
only $49.95 each plus $2.95 shipping and han- 
dling. Quite an exceptional value for a time- 
iece of this gel wailable in silver or gold 
ne with fashion flex band that is truh justa- 
ble for extra small or extra large wrist: 
thin design, rugged shock proof engine: 
and water resistant construction, 


NOTE: Due to our international sales of this 
watch, it has been designed with one extra 
feature—24 hour (military) time and continen- 
tal date display. 


Credit Card Holders 
ORDER NOW —TOLL FREE 


800-621-5559 
(In Niinois — 800-972-5858) 


Il CAMBRIDGE 
E INTERNA inc. 


8700 Waukegan Road, Morton Grove, IL 60653 


Clip and mail to: Dept. P1 

O Please send Solar Alarm Chrono- 
| graphs at $49.95 h pia $2.95 shi ping & han- 

ling. (IIl. residents ade 5*6 Sales tax. lease mark 
color choice. O Silver Tone O Gold Tone 
| O Check or Money order 

Chi to: O Master Charge O Carte Blanche 
jo isa C American Express O Diners Club 


l Account #________Exp. Date _____ 
Name 
Address. 

| City. State. 

| Signature 


| ‘Cambridge International, Inc. 1979 


Perfect flywheel 


[Continued from page 79) 


Rabenhorst said. "We've spin-tested 
about 250 fiber flywheels of every de- 
sign. We keep them around to learn 
from our mistakes." 

He gestured at a table. On it was a 
large dented and twisted steel ring, 
about 13 in. across and % in. thick. It 
encircled a heap of jagged metal frag- 
ments. 

"That's a containment ring of cold- 
rolled steel," he said. For tests of dan- 
gerous, high-energy flywheels, he 
explained, APL technicians enclose 
the wheel within three rings to absorb 
any impact. 

The large, dented ring on display 
had been the second one enclosing a 
graphite-composite laminated disc 
that APL spin-tested. "The garbage 
inside was the inner ring," Raben- 
horst said. "The laminated disc blew 
that cold-rolled steel to smithereens," 
he added with awe. "It never hap- 
pened before. The wound flywheels we 
tested just polished the inner ring a 
bit when they failed." 

The constant-stress "plywheel" de- 
sign that solved the delamination 
problem thus created another re- 
searchers hadn't anticipated. Since all 
the fibers are under equal stress, 
when the flywheel fails, all the fibers 
break at once—with great force. 

"It's not a fragment failure as with 
steel," Rabenhorst said. "No single 
piece of filament is going to pierce its 
way through anything. 

"But the momentum is still there— 
the blast energy. That's what we 
didn't realize." 

I asked why the same thing didn't 
happen with the earlier, wound-type 
wheels. 

"Because all the fibers don't break 
at once. Look." Rabenhorst seized a 
busted flywheel. I could see that at 
least half of the fibers, maybe more, 
still made a complete circle. 

"The beauty of this wound wheel is 
that the very thing that held up its 
development—stress varies with the 
square of the radius—is its greatest 
advantage," he said. "Each fiber is un- 
der a different stress, so it's impossible 
to fail them all at once." 

Because of the safety problems with 
the laminated disc, Rabenhorst and 
many other researchers returned full 
circle to the wound, rim-type fly- 
wheel. But the ones they are testing 
now are generations removed from 
the earlier models. 


Battling radial stresses 


During the past several years, fly- 
wheel researchers have developed 
several promising strategies for pre- 
venting wound-fiber flywheels from 
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stretching under 
Stress. 

* Using thin rings. A thin ring 
doesn't expose much area to radial 
stresses. A concentric array of thin 
rings rotating together can store as 
much energy as one thick ring. 

* Varying the stiffness of the 
materials. A stiff outer ring can com- 
press looser inner rings to even out 
the stress. 

* Prestressing the wound fibers, 
mechanically or chemically. Either 
way, the fibers have a built-in tension 
that prevents excess stretching. 

* Improving the matrix that bonds 
the fibers—or eliminating it. 

© Contouring the wound surface so 
it’s thickest where stresses are great. 

Most of today’s advanced composite 
flywheels use a mix of the above strat- 
egies (see illustration)—with one ma- 
jor exception. GE and Lawrence Liv- 
ermore Labs, working together, are 
still trying to perfect the laminated 
disc. 

Tom Barlow is project leader of the 
DOE's flywheel-development pro- 
gram at Lawrence Livermore. I asked 
Barlow why the laminated disc is still 
being developed, given the safety 
problem and the fact that the wound 
ring, with all the weight out in the 
rim, was a more efficient design. 

Barlow gave me a four-part answer. 
First, he reminded me that this is still 
a developing technology. "It's too ear- 
ly yet to eliminate any good options," 
he said emphatically. "We still have a 
lot of work to do." 

Next Barlow noted that GE has 
come up with a hybrid design mating 
the laminated disc with the wound 
ring (see diagram). "We can design a 
failure mode that's less explosive," he 
said. "We can make that outer ring 
break at any time we want to, and it 
will fail like any other wound fly- 
wheel." 

He went on to point out that a disc 
flywheel can store more energy per 
unit volume than a rim-type wheel— 
and thus the disc might be needed 
where size is crucial. 

Barlow saved the most interesting 
reason for last. "Besides," he said, 
"we're looking at ways to mold these 
tapered discs instead of hand-laying- 
up the laminates. If we can get good 
performance out of molded rotors, 
we'll have gone a long way toward 
mass-producing these things." 

Lawrence Livermore has been 
working with Owens-Corning on beef- 
ing up the fiber content of structural 
sheet-molding compounds used by the 
auto industry. Made of extra-strong 
chopped fiberglass, the compounds 


and breaking 


are not as strong as continuous fibers, 
but they are low cost. 

"A fiber ring around the molded disc 
will boost performance and safety of 
these low-cost rotors," Lawrence Liv- 
ermore's Dr. Satish Kulkarni said. 

Others are working on lowering fly- 
wheel cost. Rabenhorst's team at 
APL, for example, has successfully 
completed a DOE contract to develop a 
low-cost flywheel. "Our design could 
be mass-produced for $50 per kWh," 
he said. 

And cost is the key. Only when ad- 
vanced flywheels can be mass-pro- 
duced will they have any impact on 
the real world. 


How long a wait? 


Nobody would give me a timetable 
for the basement flywheel—though all 
agreed it is technically possible. 

"I think it will happen along with 
the development of solar photovoltaic 
systems," Dr. Phil Thompson of DOE 
told me. "But flywheel systems have 
to get a lot cheaper first." 

Hybrid flywheel-powered vehicles 
are much closer to reality. "We could 
see flywheels commercially available 
in vehicles in five to 10 years—maybe 
closer to five years," Thompson said. 

Garrett Corp. has just delivered to 
DOE a prototype electric car equipped 
with a flywheel. The flywheel, a com- 
posite rim on an aluminum hub, 
boosts acceleration by using energy 
stored during braking. 

GE is now building a full-size elec- 
tric urban-transit bus for DOE. Fully 
loaded, it will have a range of 3% 
miles in stop-and-go traffic before 
making a 90-second stop to respin the 
flywheel to its operating speed— 
10,000 rpm. (An earlier, European 
flywheel-powered bus needed a two- 
minute recharge stop every half mile.) 

Although a 3000-Ib. advanced steel 
flywheel will power the prototype bus, 
GE hopes to later use a composite fly- 
wheel now being developed (see illus- 
tration). 

Although the perfect flywheel is not 
yet a reality, a decade of experiments 
has brought the new flywheel technol- 
ogy close to fulfilling its promise. In 
fact, at least one researcher, Francis 
Younger of Wm. Brobeck and Assoc., 
thinks we're closer than we realize. 

"I think we're already at the point 
where we can build a composite fly- 
wheel for practical applications," he 
told me. "We should continue basic re- 
search on the ultimate flywheel. We'll 
need that in the future. But we've got 
safe, 20-Wh/lb flywheels that we can 
count on now. I think we should get 
them out in the field." [n] 


Steuben? 


No! Your glass, etched by you with 
Armour Etch™ an exciting new do- 
it-yourself kit that revives the an- 
cient art of etching. With it, you 
can create rich, permanently etched 
designs — as beautiful as collector’s 
items — on any glassware, windows 
or mirrors. You won't believe how 
easy it is! 


No art talent necessary 
Just trace, cut, apply Armour Etch. 
Use our patterns or any that strike 
your fancy from magazines, news- 
papers, craft books, etc. 


Now you can etch: 
All Glass Windows, Mirrors, 
Household Glassware, 
Stained Glass, Lamps, 

Fish Tanks, Terrariums, 
Storm Doors, Auto 

Glass, Fireplace 

Doors, China 

Cabinets. 


Armour Etch 

Cream, applicator 

brush, Armour Cleaner 
Concentrate, hobby knife, 
masking vinyl, reusable vinyl 
gloves, step-by-step illustrated 
instruction book. PLUS 45 full size 


etching patterns. only $995 


ARMOUR PRODUCTS Dept. PS-180 


Hill St., Midland Park, N.J. 07432, U.S.A. 


Please send me— Armour Etch kits at 
$9.95. Add $1.00 for postage and 
handling. (New Jersey residents add 5% 
sales tax.) 


Name 
Address 
City 


State 


CUT STRAIGHT 


Use "STRATE-CUT" Cutting Guide with 
any portable circular saw, jig saw or 
router. Extends to 8'6", reduces to 51" 
for short cuts and portability. Clamps 
to paneling, doors and other long work. 
Rip 4'x8' sheets down the center; trim 
1/16" off a door. Make precision 90° 
cuts, tapers, angles, dados, bevels, 
grooves. Unbeatable for scoring wall- 
board. Guides utility knife. Here's how 
this sturdy aluminum tool works: 


(2) two 51" guide sections with four set 
screws (3) C-clamps (4) attach guide to 
work. Tool follows guiding edge (5) 
Clamps and illustrated instructions incl., 
only $19.95 plus $2.00 shipping and 
pedem S.A. only. Send check or M.O. 
to: R.A.K. PRODUCTS, Department S-35 
Box 23426, Milw., WI 53223. MONEY 
BACK GUARANTEE. Wis. Res. 4% tax. 


Mail coupon plus $6.00 
and we'll give you a 


Sight & Sound 
Introduction to 
the Most Advanced 
Do-it-Yourself 
Organs 


You'll get a Wersi Demo Package—the LP 
"Wersitime 2”, plus a 104-page full-color 
catalog. The quality recording and literature 
Introduce Wersi'’s complete line of bulld-It- 
yourself keyboard instruments. Your first step 
into a sound hobby! 


|OWERS! 


Wersi Electronics. Inc. or Wersi Organs & Kits 
1720 Hempstead Roa 14104 E. Firestone Blvd. 


Lancas Santa Fe Springs. CA 90670 


r. PAT7601 


Enclosed is $6.00 for my Demo-Package (LP with 104-page 
color catalog.) 

Name 

Address 

city 


SAND-O-FLEX 
Eliminates 


Thousands of flexible sanding 
fingers per minute sand curved or 
flat surfaces. Takes one-fifth the 
time sanding painted surfaces, re- 
finishing furniture. Sand carvings, 
moldings, picture frames, most ir- 


regular surfaces. 
MERIT 


201 W. MANVILLE, BOX 5447 
COMPTON CA, 90224 


If not available at your 
hardware or home center 
SANDER KIT No. 45 8 brush 6” wheel and 3 
abrasive refill coils. Adapters for 35" or y" 
drill chucks or bench motor, in sturdy plastic 
carrying and storage case. 
Includes postage and handling 


oO Free Homeworkshop & Craftman Brochure. 
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Always the leader in 
quality, always the leader 
in new product develop- 
ment, Buck has done it 
again! 

Two new knives and the 
most convenient pocket 
sharpener ever. The 
just whatyolie expect from 
the Buck family. And one of 
them may be just what 
you're looking for—for 
yourself or as a great gift. 


The Lady Buck is a 
new drop-point folding 
lock-blade created with 
women in mind. It has 
beautiful ivory-colored 
Buckarta handle inlays. 
But beneath its stylish exte- 
rior is the traditional Buck 
engineering quality, includ- 
ing the hollow-ground, 


high-chrome, high-carbon 
steel 2*4" blade. 


The Duke, largest of the 
slim-line lock-blades (4'/ 
inches), has burgundy 
Buckarata handle inlays. 
Specially engineered pivot. 
rivet keeps blade locked in 
place, wobble-free. Comes 
in a pouch-type sheath. 


The emaster is a 
handy portable sharpener 
in a carrying cylinder com- 
plete with pocket clip. 

See them all now at your 
favorite store. E 


KNIVES 


Free Booklet KNIFE KNOW-HOW. DEPT. PS-180. Box 1267. El Cajon. CA 92022 


+ Flexible cable 
eliminates 
sidewall wear. 


» Patented trac- 
n teeth grip 
indeep snow. 


CALL TOLL-FREE 1-800-451-3414 


Give us your car make, model and year along with 
your tire size and snow or regular to ensure. 

Proper fit. Or write the above information with card 
number or check to: CHAMPION CABLE CHAIN INC. 


DRIVING IN SNOW THIS WINTER? 
YOU NEED THE RADIAL CHAIN! 


+ Easy to install—no jacking or rolling — 

+ Superior design won't damage radial tires 
Allows speeds upto35mph - 

+ Excellent fit for front-wheel drive 

= Smoother, quieter—less tiring ride 

= Longer chain life 

«Better fuel economy 

Use VISA or MASTERCHARGE 

$44.50 for 10" to 13" wheels 

$48.50 for 14” to 16" wheels 


Warranted for one year for repair or replacement 
Selected for use by U.S. SKI TEAM 


CHAMPION CABLE CHAIN INC. 
902 Fourth St., Swanton, Vermont 05488 
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PS readers talk back 
[Continued from page 4) 


power into wasted heat, Nola's device re- 
duces voltage to no more than needed by 
switching power on and off with the triac. 
Power is not ‘diverted’; it's just never tak- 
en from the supply line.” 


I am curious if "Nola's Clever Motor Con- 
troller" uses the same technology as the 
controller Exxon Corp. has recently an- 
nounced. Exxon is so enthused about this 
controller that it wants to buy Reliance 
Electric Co. Does Electronic Relays, Inc., 
see any patent infringement by either 
company? 

W. R. Hudson, Rio de Janeiro, Brazil 


Joseph E. Pascente, Electronic Relays, re- 
plies: "The Exxon controller is an inverter 
system in which the AC is converted to DC 
and then back to AC, where the speed of 
the motor is frequency-dependent. The 
Nola system is a voltage-reducing sys- 
tem, proportionate to the motor power 
factor. As a result, no patent infringement 
would result." 


Which will sacrifice? 


The article "Dockside Corrosion," by Bob 
Stearns [Aug.], contains a serious error 
that could lead to the destruction of alu- 
minum boats and power units. The article 
lists a "galvanic series" that places alumi- 
num below zinc and states that "zinc is a 
more active giver than aluminum." Actu- 
ally, the opposite is the truth. 
| invite you to examine any reputable 
chemistry reference book, such as Chem- 
ical Rubber Publishing Company's Hand- 
book of Chemistry and Physics. You will 
find that the electromotive (galvanic) se- 
ries tables list aluminum above zinc. This 
means that aluminum will sacrifice to 
zinc. Thus, anyone attempting to protect 
aluminum with a zinc sacrificial anode will 
have the opposite happen: The aluminum 
will be destroyed, the zinc protected. 
Zinc will sacrificially protect only those 
elements or alloys located below it in the 
electromotive series. To protect alumi- 
num, one must use an element above alu- 
minum, such as magnesium, as the sacri- 
ficial anode. 
William M. Shanklin Jr., P.E. 
Las Vegas, Nev. 


Bob Stearns replies: “Your reference to 
the electromotive series in the Handbook 
of Chemistry and Physics is correct. How- 
ever, that series deals with zinc and alumi- 
num in elemental form. Aluminum, as 
used in the construction of boats, is an 
alloy, usually a 3000 series or higher. The 
galvanic table listed in my article refers 
only to the reactions of those metals in the 
marine environment. My reference, in 
that case, is Safety Standards for Small 
Craft, published by the American Boat 
and Yacht Council. 

"My own experience, based on a lifetime 
on salt water, is that this galvanic series 
does work. The sacrificial zinc anode | 
place on the aluminum lower unit of my 
outboard motor wastes away ata rate that 
requires yearly replacement, while no cor- 
rosion takes place on the engine itself.” 


Energy-cost 


indicator 
previews utility bills 


Mil PIP TMT Ty E 


If you could see your utility bills tick 
upward, penny by penny, as you 
turned on the dishwasher or revved up 
the heater, would you work harder to 
conserve energy—and save yourself 
money? The Department of Energy 
thinks so and, to test that hypothesis, 
is placing Energy Cost Indicators 
(ECT’s) in 600 homes. 

An ECI keeps track of the gas and 
electricity coming into a house, and, 
based on average costs per kWh and 
therm, its computer brain calculates 
the dollars-and-cents costs. For an es- 
timate of his day's utility costs—and 
maybe a shock—a homeowner has 
only to glance at the digital display of 
the wall-mounted unit (shown above 
with case opened to reveal circuitry). 
At the touch of a finger, he can also 
find out yesterday's bill, costs for the 
month, and what the cost for the next 
hour will be if he doesn’t turn any ap- 
pliances off or on. With all this data, 
says DOE’s John Millhone, families 
can decide if they want to cut back 
their energy consumption, and how 
best to do it. 

“By comparing costs for one 24-hour 
period when a major appliance, such 
as an air conditioner, is turned on 
with another 24-hour period when it is 
off, the family can figure out approxi- 
mately how much it costs to run that 
appliance.” 

The test will go on for about a year 
in six American and Canadian cities 
(the Canadian government is picking 
up part of the tab). Participating fami- 
lies were chosen partly because they'd 
like to buy an ECI if it were afford- 
able. The test ECI is only a prototype 
designed by Honeywell for the DOE 
experiment, and the other few models 
now on the market are a bit steep—in 
the $300 range. DOE hopes its tests 
will spur development of a $50-$100 
ECI.—Sandi Doughton 


RECOVER VALUABLE LOST HEAT... 


CUT HEATING COSTS WITH A HIGH EFFICIENCY 


FLUE RADIATOR 


INTERNAL VIEW OF ADJUSTABLE AVAILABLE IN 4, 5, 6, 7, 8, 9° 
CROSS-FLOW ALUMINUM THERMOSTAT FLUE PIPE DIAMETERS 
HEAT EXCHANGER 


nll mar 


18 SQ. FT. OF 
RADIATING 1/70 HP, 290CFM 
SURFACE 


Note: Unit can be mounted horizontally or vertically. PATENTED 
Total wt. 16 Ibs. U.S. PATENT # 4,125,153 
WITH RISING FUEL COSTS AND ENERGY CONSERVATION IT IS IMPORTANT 
THAT WE UTILIZE OUR HOME HEATING SYSTEMS TO THEIR FULLEST 
Do you know that most flue stacks range in temperature Equipped with a variable temperature control so you can 
from 350 to 800°F? regulate your own comfort setting 
Why not reclaim some of the lost heat? With The FLUE The FLUE RADIATOR can be installed on boiler or forced air 
RADIATOR you can realize a 40% heat savings that might heating systems. And will fit any flue size up to and in- 
‘otherwise go up the chimney. cluding 8". (Available in 9" for conversion units.) 
The FLUE RADIATOR is a high efficiency, light weight, heat Convert that cold damp basement into an enjoyable liveable 
exchanger that can be easily installed on any home gas or area, without additional fuel consumption. Have warmer 
oil furnace. This ruggedly built unit, constructed of heat floors throughout the entire house. Primarily used for the 
conducting material has 18 square feet of heat radiating heating of basements, however, this recovered heat may 
surface. be piped to any area of the house or attached garage. 
DO NOT USE ON COAL OR WOOD FIRED UNITS 
THE FLUE RADIATOR IS EASILY INSTALLED IN MINUTES... 


SIMPLY REMOVE 1 SECTION OF FLUE PIPE AND REPLACE WITH YOUR FLUE RADIATOR AND 
PLUG INTO A 110 OUTLET 
J.H. STONEBERG MANUFACTURING COMPANY, BROCKPORT, PENNSYLVANIA 15823 


Please ship Flue Radiator(s) $139.95 each. 
Freight prepaid, to fit flue size (diameter) 4"—5"—6"—7"—8". (Circle One). 


Gas O 
oii a 


Hot Water O 
Forced Air O 


Please Indicate Type of Furnace: 


Pa. Residents Add 6% Sales Tax. 


Name 


Address 
City 


State 


Charge to my BANKAMERICARD OR VISA 


ACCOUNT. 


Package includes Flue Radiator, Fan, Thermostat, Extension Cord, 
necessary mounting screws, and installation instructions. 
Satisfaction Guaranteed or Full Refund Upon Return of Unit. 
Send Check or Money Order Payable to J. H. Stoneberg Mfg. Co., Brockport, Pa. 15823 
Units will come freight prepaid (United Parcel Service in the Continental United States and 
all others Parcel Post) 
BP IN A RUSH—CALL-—814-285-2945 


FOR C.O.D. OR CHARGE ORDERS 
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The Greenwood Eagle 


Burns Unsplit Green Logs 
without the usual creosote build-up 


The secret is the all refractory 
firebox* made of the same material 
used in ore melting industrial ovens. 
The refractory concentrates intense 
heat to the center of the firebox so 
that a smaller fire using less fuel 
generates temperatures needed to 
burn off creosote causing gases. 

The cost of dry cordwood is rising 
with the skyrocketing cost of oil. The 


Eagle, specifically designed to burn 
unsplit green logs, saves on the initial 
cost of fuel, eliminates splitting and 
burns less wood to provide cleaner, 
safer heat to your entire home. 

The Eagle takes a 13” by 32” log 
and the shelf assist front door makes 
loading easy for anyone. 

Before you buy any heating unit, 
know more about the Eagle. 


Greenwood Energy 
Corporation 


Executive Drive, Hudson, N.H. 03051 


Enclosed is $1.00 to help pay postage and 
handling of literature about Eagle heating units. 


* PATENTED 


The Seiko 
Chronograph Alarm 
only $129.95 


Originally $250.00 
The perfect gift. 
With continuous LCD display of hour, minute, 
seconds and day of week. At a push of a button, 
month, day and date are displayed. Calen- 
dar automatically adjusts for odd and even 
months. Alarm can be set for either AM or PM. 
Stopwatch display of hour, minute, seconds up 
to 12 hours with 1/10 second readout up to 20 
minutes. 

In Goldtone only $169.95. 

Save $125.00 off original price. 

Similar Savings on other Seiko watches: 
Solar Alarm Chronograph 
Alarm Chronograph w/Timer 
Memory Bank Calendar 
LCD Quartz Multi Alarm 
LCD Quartz Calculator .. 
New Digiana Analogue/Chronograph ..144.95 


all available in goldtone at additional cost 


Plioto 
Cameras, Electronics & Video 
67 West 47th Street 
New York, N.Y. 10036 


| RE Master Charge 
as & Visa accepted 
A 


Open Daily & Sundays 
(212) 260-4410 


[toll-free] 


(800) 221-5858 
(800) 223-5661 


Minimum shipping & handling $4.50 
orders subject to verification & acceptance 
Inquire about quantity discounts 
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Breslin 
Continued from page 84] 


closed-circuit camera system, speak 
the time or weather, turn the alarm 
on or off, or begin a timer (which my 
wife uses for timing things in the 
kitchen, as well). The timer mode sim- 
ply makes Breslin count off the 
minutes from when you told him to 
begin. When he hits “twenty,” and the 
chicken’s done, for example, you push 
the intercom “talk” button again to 
shut him up. All that’s very nice and 
convenient, but, unfortunately, voice- 
recognition systems are always sub- 
ject to potential errors. 

I was making hamburgers. The pa- 
tio lights were already on and, as I 
placed the last patty on the grill, I hit 
the intercom button and said, “Bres- 
lin.” “Yes,” was his response, and I 
commanded, “Timer.” I got weather. 

“Timer,” I again said calmly. 
“Alarm is set,” the mechanized voice 
replied, and a little red light by the 
back door lit, indicating he had set the 
burglar alarm, locking me out of the 
house. ~ 

I tried to correct the damage: 
“Alarm off,” I said into the speaker, 
which I was, by this time, clutching as 
if it were someone's (or something’s) 
throat. Result: The patio lights went 
off leaving me in near total darkness. 
It would have been totally dark—if not 
for the burning hamburgers. 

Now if all this seems as hard to 
swallow as our dinner that night, I do 
have someone who will back me up. 
Not once, but twice, I’ve received 
phone calls from my concerned father 
who lives about 15 miles away. "Bill, 
is that you?" he first asked, question- 
ing the male voice that answered the 
phone. "Did you know your computer 
just called me and your mother and 
told us your house had just been 
robbed?" 

It couldn't have been me, I thought. 
I was locked in the back yard making 
hamburgers. Gy) 


“I had a date with Carl Morris last night. 
I gave him a centimeter, and before | 
knew it, he took a kilometer!” 


Learn solar technology 
and dimate control. 


Now NRI's home study 
course in Air Conditioning, 
Refrigeration, and Heating 

includes training in 
heat pumps and 
solar energy systems. 


NRI training keeps you up-to-date 
with the newest, most exciting and im- 
portant development in energy conserva- 
tion...solar technology. New lessons not 
only teach you theory, but show how to 
install and service solar heating systems, 
heat pumps, and other advanced equip- 
ment. And you learn at home in your 
spare time. 

Includes 

Professional Tools 

You get plenty of practical train- 
ing, along with professional-quality 
tools to perform experiments and actu- 
ally work on systems. In NRI's Master 
Course, you get a high-quality system 
analyzer to help you troubleshoot and check 
out refrigeration and air conditioning equip- 
ment...a leak detector that spots escaping 
refrigerant...tubing and joint tools for 
connecting and replacing tubing. ..and one 
of the most important pieces of equipment 
you can have, a professional vacuum pump 
for evacuating air and contaminants. 
These tools make the NRI course a 
rewarding learning experience. 


You also get NRI's exclusive demonstra- 
tion units. . special kits that teach you the 
principles of electrical circuitry, controls and 
temperature sensing units, tubing fabrication 
and joint making. These units give you the 


“hands-on” experience you need to rein- 
force your theory lessons. And NRI's “bite- 
size" lessons are specially designed for 
home study, written clearly and simply 
to speed your learning. 

Complete Reitera 


an 
Commercial Training 
The first part of your NRI training 

concentrates on basic theory and its practi- 
cal application to residential air condition- 
ing and refrigeration. It also includes ex- 
tensive training in servicing automotive 
heaters and air conditioners. Then, you 
move into advanced applications like h« .. 
pumps, home heating, and commercial 
air conditioning and refrigeration. It's 
complete, up-to-date training. 

Send for Free Catalog 

No Salesman Will Call 

Send the postage-paid card today 

for NRI's free catalog showing all the 
equipment and describing the complete course. 
Over a million students have trained at home 
the NRI way. You can, too. If card has been 
removed, write to: NRI Schools, 3939 Wisconsin 
Ave., Washington, D.C. 20016. 


Other Opportunities from NRI. 


Small Engine Repair 
‘Teaches you how to professionally ser- 
vice and repair power mowers, garden tractors, 
chain saws, tillers, outboards, mopeds, motor- 
cycles, and other small engines. NRI training 
includes professional tools. ..inductive 
tachometer, volt-ohm meter, torque wrench, 
valve spring and ring compressors, and more. 
And you learn by doing, actually building a 3⁄2 
HP engine as part of your training. Basic and 
advanced courses. Check postcard for catalog. 
Electrical Appliance 
Servicing 
NRI trains you to be a professional 
appliance repairman, even shows you how to 
start your own full- or part-time business in 
fixing everything from toasters to refrigerators 
and microwave ovens. Step-by-step training 
includes professional tools and instruments 


like clamp-on ammeter and appliance 
multimeter. Check card for catalog. 


Auto Repair and Servicing 
NRI “hands-on” training covers what 

you need to know from headlight to taillight. 
Includes professional tools like inductive tim- 
ing light, ignition analysis and tune-up in- 
strument, vacuum test pump, and the latest 
advance in diagnostic instruments, a digital 
read-out tune-up analyzer. Approved by 
Richard Petty, America’s winningest stock 
car driver and NRI automotive consultant. 
Choice of two courses, check card for catalog. 


NRI Schools 
McGraw-Hill Continuing 
ri Education Center 


1 3939 Wisconsin Avenue 


c: i Washington, D.C. 20016 


Now you can cash in 


Going into business for yourself can be the 
most exciting and rewarding decision you're 
likely to make in your lifetime. 

Owning your own business brings you a 
sense of independence. You're the boss, set- 
ting your own work hours. Your own effort 
builds the business for yourself and your 
family. You can achieve great satisfaction 
and profits, if you choose and manage your 
business wisely. That's why so many men, 
just like you, are cashing in on the big profits 
to be made in this fast-growing service field. 

The sharpening business allows you to get 
started with only a minimum investment, re- 
quiring little space and effort for a successful 
operation. It lets you build and expand as 
fast, or as slowly as you like. You pocket 
most of the money you take in, because there 
are exceptionally high profits with no in- 
vestment in merchandise. 

If you need only $200 or $400 extra income 
each month, a sharpening business is ideal 
for spare time. The additional dollars can be 
SPENT for more of the good things of life. Or 
they can be SAVED in a rainy-day fund that 
the family can bank on. 


As original equipment continues to climb 
in cost, owners are becoming more con- 
cerned that the equipment be maintained so 
that it performs like new. This means more 
companies, contractors, carpenters and 
home owners are having their old saw blades 
and tools resharpened many times, where in 
the past, they would have replaced them 
with new blades or tools. This is where you 


Send For 
This little book 
has helped 
change the 
lives of thou- 
sands of good 
= people, just 
like you. Just complete the coupon, 
clip it out and mail it to us today. 
Get started now for a brighter, 
more prosperous tomorrow! 
24-HOUR ANSWERING SERVICE 


env 


CALL TOLL FREE 1-(800)-328-7140 I STATE 


(Except in Hawaii or Alaska) 
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for SHARPENING SAWS and TOOLS. 


or more. Work part time, 
full time, right at home. 


Provides a steady source 
of year round income. 


RUSH COUPON TODAY 


p--—------:---- 


BOOKLET | Foley Manufacturing Company 
l Minneapolis, Minn 55418 


NAME. 
1 ADDRESS. 


on the huge demand 


No layoffs. No strikes. 


can step in with the much needed service of 
sharpening saws and practically any kind of 


tool. 
SEND FOR FREE FACTS TODAY! 
= 


This 

booklet has 

helped 

thousands 
Thousands of good men 
have been inspired by this 
fact-filled book into mak- 


ing that first important 
step of starting their own 


ovecgtuvmes 


EDT AIT 
ini in small towns 
and large cites 


A sharpening business provides excellent 
retirement income 


Right now, while this is still fresh in your 
mind, fill-in the coupon below. We will send 
your FREE copy of ‘‘Opportunities in a 
Sharpening Business of Your Own". There 
is absolutely no obligation and there are no 
franchise fees in starting your Foley Sharpen- 
ing Business. 

Send your name and address to: Foley Manufacturing Co. 
3224 Foley Building, Minneapolis, Minnesota 55418 


H 
@ : 


| would like to receive complete details I 


bout how | can easily start a profitable, Foley- 
equipped sharpening shop. Please rush me your 
E FREE booklet, without any cost or obligation, that § 
y Gives me full details on how I can quickly start my own g 
y business 


ZIP. 


Penetrating finishes 
(Continued from page 85) 


wood cells, so only about five percent. 
of the resin penetrates. Dr. Vasishth 
found that a water-carried resin was 
far more effective, because water 
makes the wood cells swell. When the 
water evaporates, the wood returns to 
its previous dimensions, leaving up to 
25 percent of the resin inside. 

Using water also allowed Flecto's 
chemists to grow the polymers using a 
condensation process instead of chain 
polymerization common in latex 
emulsions. With condensation, it was 
easier to adjust the polymer size. 

However, water tends to raise the 
grain of wood, and it can leach out of 
the coated finish. The second problem 
was solved by engineering the poly- 
mer to act like lead in old-style oil 


In accelerated-aging test—water-soaking 
followed by oven-drying—the Envirolite- 
treated block suffered none of the warp- 
ing and checking of untreated block. 


paints; it stops movement of water 
into or out of the wood. "As for the 
grain-rise problem," claims Dr. Va- 
sishth, "it is overrated." 

Ofcourse, using water as a base also 
meant that brushes and spills could be 
cleaned up with water—a quality | 
most attractive to consumers. The 
small amount of solvent still used is 
water-miscible, so it doesn't compli- 
cate cleanup. It's there to cut into un- , 
dercoats, so that sanding between | 
coats is unnecessary. 

At their introduction, the price of 
the Envirosol products averaged 30 
percent above traditional coatings. 
Since they contain less petroleum sol- 
vent, though, Flecto expects to see its | 
prices become more competitive as oil ' 
prices rise. ^ 

And as the first commercial formu- 
lations sell, they will be replaced by ; 
new ones that contain even less sol- 
vent. It is Flecto's eventual goal to 
produce high-performance coatings. 
with no solvent at all. uu | 


Water injection 
[Continued from page 113] 


nozzle, and using the air-injection sys- 
tem to draw the water through the 
nozzle. "The nozzle does a super-fine 
job of atomizing. In a test by AiRe- 
search a few years ago, a similar noz- 
zle was used to atomize unfiltered 
crude oil to run a turbojet engine on a 
test stand. The nozzle will atomize 
practically anything," he says. 

The beauty of the system, Goodman 
claims, is that not only could car mak- 
ers easily incorporate it into original 
engine designs, but that someone with 
a high-compression engine could also 
adapt the system to use the lower-oc- 
tane fuels available today, without 
engine knock. 

He says that modifying the combus- 
tion chambers for more turbulence 
isn't necessary for retrofit purposes. 
All that’s needed is the nozzle, an air- 
injection pump (many cars have one 
as standard equipment), and the 
plumbing to hook up the system. 

All the necessary items are readily 
available (at auto-parts stores, junk- 
yards, hardware stores, etc.). And the 
average do-it-yourselfer can make the 
hookup, he says. The only item not 
readily available is the patented noz- 
zle. 

If you want to try this system on 
your own older high-compression en- 
gine, Goodman will sell you the nozzle 
for $25. At press time he was prepar- 
ing detailed plans that outline the 
parts you need, where to get them, 
and how to hook them up. He intends 
to sell the plans for $8.50. Also, by the 
time this issue is printed, he may have 
available a kit with all the parts 
needed to make the installation. For 
information, write Goodman Engines, 
685 N. Loudoun St., Winchester, Va. 

What does the future hold for this 
method of water injection? 

At this point it's impossible to say. 
Perhaps its most likely use is to en- 
able older higher-compression cars 
that have a knocking problem to run 
on today's lower-octane gas. While in 
theory it should do this, at press time 
no retrofit on an older high-compres- 
sion engine had been made. And, 
though it does seem to work satisfac- 
torily on the Fiesta, that engine also 
has modified pistons, head, and a dif- 
ferent cam. 

Still, the system does seem worth 
investigating at the OEM level for 
small cars. Whether it can compete fa- 
vorably with developments like the 
Texaco engine and others on the com- 
bustion horizon remains to be seen. 

It certainly is an interesting techni- 
cal exercise. Will it become more than 
an exercise? At this point, that's any- 
body's guess. ü 


Lightweight...Sensual...Adjusts to your comfort. The Air 
Bed offers a revolutionary sleeping experince. Gently, 
but firmly supports you with 100% air. Features air coil 
construction with multiple controlled air chambers that 


Toom into a guest room. 
ind vacation visitors. 
Take The Alr Bed camping, jui 
your summer home; sunbat float onit! 
Available in twin, double, queen and king si 
In minutes with most sir pumps or cannister vacuum. 
(High-power air pump. lle —optional.) Made of sturdy 
20 gauge poly vinyl c! ith soap and water. Repair kit 
ter in 


idapter inci 
lead by imitations. Insist on the original, 
een The Air Bed. 10-day Free Trial. If not 


vel 

satisfied, return it within 10days for refund, Order now! 

‘CREDITCARDORDERS 100-543-5600 Nevada Residents Calt 

CALLTOLLFREE: 800-992-5710 
OPERATOR NO. 48, 24 HOURS A DAY, 7 DAYS A WEEK 


re nt Lane, Bensenville, Illinois 60106 


Marketing, lnc: 


van, on your 


The 


Original 
Velveteen 


Guest Bed On A Shelf! 


Stores Easily on Shelf. 


Sostemeors Marketing, Inc. 
790 Maple ane. "Bensenllle. 1L 60106 
LT MMC T 


s 


k - E S 
Like Having an Extra Pair of Hands! 
SAW HELPERT-Mbrand safety guides 


hold workpiece and keep your hands clear 
of blade, Unique nonmarking spring ten- 
sioned ratchet wheels turn only in dire 
tion of feed to prevent kickback and chat- 
ter and hold sawed material firmly to ta- 
ble and fence for accurate cuts, Adjust- 
able holding pressure for sawing plywood, 
laminates, veneers, metals and plastics. 
Easy to install on all free standing si 
Mounting hardware and instructions 

Meets CAL-OSHA requirem 

ickback unit when moun 
adjusted properly. 30 day moneyback 
guarantee, Call toll free 1-800-344-7455; 
CA (209)688-7409. 


Western Commercial 


Products 
P.O. Box 1202PS, Tulare, CA 93274 


Please shi sets @ $59.50 per set. 
Enclosed is] check; [] money order; 
(California residents add 6% sales tax). 
Postage prepaid anywhere in the con- 
tinental U.S. 


Please charge my order to 
Ovisa; OMC; Exp. date 


Account No, 
Signature 
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t. B.Y, 33 N. Superior, Toledo, Ohio 43604. 
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1 THROWING AWAY : 
- $5 perib.? — | 


I Everyone has thrown this little known asset I 
away. It is thrown away in every office, 
home, and all other buildings. Industrie: 
p throw tons of it away annually. Only 19 
person out of 1,000 save it, the other 999 
I don't realize its value, and the buyers want i 
I kept that way! Hundreds of millions of dollars I 
worth of it go unclaimed, discarded each year! 


We will pay you $5 per Ib. for all of thi 
F material that you collect. You should start I 
qp saving yours, and buy it from other unin 
formed persons for $2-$3 per Ib. This is 
unknown field that should be started part B 
p time. Huge income potential. To receive § 
he complete educational package, remi 
M37 + $3 postage and handling. Money M 
refund within 30 days for any reason 
Double your money back with 1st shipment! 


q Yos, will learn what we will pay for over p 

,000 scrap items, some worth $700.00 pei 

H ounce. The average price we pay for these lj 

Men items is $12.45 per Ib. Learn where to I 
ind them, how to buy them, and how to 

Iship them. If you have our old book, send it li 

pack with $3 and we will send you the new [| 
one. Become a buyer, or at least a saver, wt 

I need the material and you can use the money. 


I Poley's Industrial Salvage Co. 
I Supply Dept. P. 

12389 Mingi Battle Creek, MI 49017 
bh m m m = m m m m a 


Turn a part-time hobby 
into big profits 


You'll pocket real pro- 
fits making handsome 
coachlanters like this 
...and dozens of other 
popular wood gifts. 


NOW ! 
Earn up 


making popular 
custom wood products 


Now, a Free Information Kit tells 
how you can make $5, $10, even $15 
anhour or more spare-time in your own 
basement or workshop. 

A patented, easy-to-use woodwork- 
ing tool - the famous Shopsmith Router 
Arm - lets even beginners quickly turn 
out a big volume of beautiful wood 
products and gifts that sell themselves 
on sight, at handsome profits. 

You'll have fun making and selling 
deep-etched custom signs for home or 
business, beautiful picture frames, dec- 
orator wall plaques, coach lanterns, 
serving trays, trinket chests, and dozens 
of other popular, fast-selling items. You 
can even start a money-making furni- 
ture repair and restoration business if 
you like. It's the perfect way to turn an 
enjoyable and satisfying hobby into 
extra cash while being your own boss! 
FREE BUSINESS-ASSISTANCE PLAN 

Mail the no-obligation coupon below 
to receive, by mail, a Free Information 
Kit, “Your ‘Rout’ to Woodworking Prof- 
its,” that tells you all about this profit- 
able opportunity. We help you get started 
with a complete, thoroughly researched 
“Blueprint for Success” that includes 
advertising materials, project ideas and 
patterns, production aids...the “works”. 
And, we'll help your business grow by 
sending you a constant flow of new proj- 
ect plans and business-building ideas. 

Don't miss getting the free facts about 
this unusually good money-making op- 
portunity! Mail the coupon today! 

Mail to: Shopsmith Router Arm Div. 
Shopsmith. Inc. Dept. 1982 
750 Center Dr.. Vandalia. OH 45377 


ne ee 
FREE FACTS KIT 

SHOPSMITH, Dept. 1982 

750 Center Drive 

Vandalia, Ohio 45377 

Please mail me your Free Information Kit, 

“Your ‘Rout’ to Woodworking Profits” that 

tells how I can make money in my spare time 

with the patented Shopsmith Woodworking 

Router Arm - including the details of your 


complete “Business Plan”. I understand there's 
no obligation. 


Name 
Addrese 
City 


fite LL — 9 —Á—— 
Cabinetmakers and professional 
woodworkers inquiries welcome. 

m m um um EE ME E EON 
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"SAY, SMOKEY—" 


A clinic on cars by Smokey Yunick, America's most famous mechanic 


100,000-mile Vega 

My 1974 Vega reached 100,000 miles 
without an engine repair—yes, the trou- 
blesome aluminum four-cylinder OHC en- 
gine. My engine's only problem is the 
slowly increasing oil consumption, down 
to 300+ miles per quart of 10W50 oil and 
if it uses 10W40 or 30W oil. 
the engine now, or 
should | wait until it stops from plug 
fouling? 

Ithinkthe oil is being pumped down the 
valve guides and the head only needs re- 
building. What are your thoughts? Should 
| repair now or hold off? 

Rich Dutch, Houston, Tex. 


If you do anything, do it all at once. Don't 
patch it—100,000 is very good. Rebuild or 
replace whatever you can afford. | believe 
a new short block and a rebuilt head are 
the best options. 


Broken distributor shaft 


What would cause the distributor shaft to 
break at the gear on my 1978 Chevrolet 
Caprice Classic 305? The car has 23,000 
miles on it. 

To make matters worse, the gas station 
could not buy just a shaft, so | had to pay 
$219, plus labor, for a new distributor. 
Nothing else was wrong with the en- 
gine. 

Thomas Stylski, Redford, Mich. 
The distributor drive shaft drives both the 
oil pump and distributor. Turning the dis- 
tributor guts is very easy, but theoil pump 
is tough. | hope you haven't broken anoth- 
er shaft by now. Look for a problem with 
the oil pump. 

if the distributor bearings, upper or 
lower, had a lube problem and seized, that 
could also break a shaft. 


Dasher/Scirocco paint problem? 
What have you heard from readers who 
have had problems with the silver paint 
jobs on Dashers and Sciroccos? 

Charles Roda, Mt. Vernon, N.Y. 


I have heard all bad. ‘Course, nobody 
writes to tell me the good stuff. 


Mustang engine switch 


| just bought a very clean 1971 Mustang 
with a 351-cu.-in. engine in it. Since the 
engine is ready for a rebuild, lam thinking 
it might be a good time to go to a smaller 
power plant for the gas savings. | have in 
mind the six, of course. However, | under- 
stand that this is not a simple switch. 
Will any Ford six work? Any frame re- 
working? | don't have access to welding 


equipment, so | am hoping it is a matter of 
“bolt-ons.”” 
Mike Dixon, Honolulu, Hawaii 


/ believe you'd be as well off going to a 
302 V8. That six isn't a real mileage king. 
The 302 would be easy. Put a low-rpm, 
high-torque cam in it. Up the gearing and 
take it easy. 


Wants to remove converter 


| plan to remove the catalytic converter 
from my 1979 Jeep CJ7 (304-cu.-in. V8) in 
order to be able to use regular gasoline. 

| understand the air blower is required 
only because of the catalytic converter, so 
I plan to remove it, also. 

Will any engine adjustments be re- 
quired after l've removed these two parts? 
Also, can | expect better engine perfor- 
mance and improved gas mileage? 

Paul D. Folse, Tampa, Fla. 


In our tests here with late-model engines 
(1978-79), we gained no power or econo- 
my with the removal of the converter. Nor 
did a loss occur. | don't recommend it. 


Aftermarket turbocharger 


With today's big engines and the goal for 
Cleaner air and better gas mileage, larger 
cars and trucks seem to have less oomph. 
l've gota 1979 one-ton Ford van with a 351 
Cleveland and a two-barrel carb, and I'm 
looking for a turbocharger. Who sells 
them? 

Alex Hudak, Boseman, Mont. 


There are many aftermarket turbo kits. 
The two biggest that enjoy some good 
comments are Turbo-Sonic by Roto 
Master (7101 Fair Ave, N. Hollywood, 
Calif. 91605) and one made by Spearco 
Performance Prod. Co., Inc. (10936 S. La- 
Cienega Blvd., Inglewood, Calif. 90304). 


Mysterious missing 


| have a 1974 Volvo 145, standard trans- 
mission, 68,000 miles, new plugs and 
points. After | accelerate hard in third or 
fourth gear, the engine starts missing 
badly. After a few miles, the miss myste- 
riously disappears. | have tried a two-hour 
cool-down while it was missing, but the 
miss continued upon recranking, then dis- 
appeared two miles later. Could it be in 
the fuel-injection system? 

Gene Lueg, Ruston, La. 


Missing on acceleration as a rule is igni- 
tion trouble. But a lean fuellair mixture 
can also cause it, and is more likely to 
show up with fuel injection than with a 
carb. 

Sometimes a miss like this can come 


from a dirty or wet spark plug that clears 
up after it gets hot. Or from an air leak on 
the inlet side that quits when the heat 
causes things to tighten up. 


Burns oil 


I have a 1973 Vega with the 140-c.i.d. alu- 
minum-block engine. It now has 65,000 
miles on it and is beginning to use exces- 
sive oil. The engine has never been over- 
hauled or run at over 65 mph, and I con- 
sider that it has given good service. The 
body and running gear are in excellent 
shape, and | want to keep the car. 

What has been the most successful fix 
for this engine? | have heard of boring and 
sleeving or boring and oversize pistons. 
Also, it is rumored that later models had 
an engine block made of different materi- 
al. If the car belonged to you, what would 
you do to the engine to get additional 
good service? 

W. W. Calhoun, Roswell, Ga. 


Just bore it to first oversize, rebuild it as it 
is. Keep costs to a minimum. Drive as you 
have and get another 70,000 miles. 


Lowering compression 


My 1969 Chevy Corvette 350-hp, 350-cu.- 
in. engine has an 11:1 compression ratio. 
I'm having trouble with spark knock due to 
the premium-gas octane rating getting 
lower, and also hard to get. I'm due for an 
overhaul. Should | use flat pistons? 
Is there an additive that | can economi- 
cally use? 
George Shipman, Houston, Tex. 


I know it's not gonna be an answer you'll 
like, but as long as you're ready for an 
engine overhaul, drop it back to 8:1 or 
no more than 8.3:1 compression ratio. Oc- 
tane additives are a long story that gets 
you nowhere. Your Chevy dealer has pis- 
tons for you. Yup, they are flat. 


Dropped a valve 


My 1973 Toyota pickup had a valve job 
done by an excellent mechanic and part- 
time racing-engine builder. About 550 
miles later, the exhaust valve in the num- 
ber-four cylinder got overly intimate with 
the number-four piston. The valve was 
bent and the piston crown was dinged. 
This happened at 50 mph in fourth gear, 
on regular (leaded) gas. The valves were 
unadjusted since the valve job, and were 
within adjustment specifications after the 
fun. What happened? 

Donald C. Koury, Post Mills, Vt. 


I'd say it was either a sticking valve, a 
weak or broken valve spring, or the en- 
gine was overrevved. You didn't mention 
springs, so l'd guess either sticky valves 
or overrevving. 


Each month in Popular Science Smokey 
Yunick answers questions on cars—fam- 
ily cars, high-performance jobs, hot rods, 
andracing cars—selected from those sent 
in by readers. Got a problem? Send it to: 
"Say, Smokey—," Popular Science, 380 
Madison Ave., New York 10017. Questions 
cannot be answered by mail. 


Bulia the world’s most nelly 


Your Monterey Domes geodesic shell kage i * 
delivered, ready to le by one or package LON 
using oni simple hand tools. No skills we propie NY 
Our cot ote engineered hon home shell packages meet 
all buildin and VA/FHA standards. You'll save 


pl et Gas on construction costs and up to 50% or 


more on el costs! Prices start at 


$4.00 now for our 80 page catalog and planning kit! 


$3995. Send 


|| OPiease rush me your 80 page Name. I 


l full color catalog and enna 


kit. | am enclosing $4. 


Domes 
additional $5.00. PO. 


uicta 
Diener cc AN 


You're only as as your tools. That's 
why we've di our catalog to be like no 
other hand tool catalog that you've ever seen. 


an V" ordinary listing of 

over LO odworking ol ls. Instead, it's a 

108-page book with superb pho 

tions of tools which cannot be bought in your 
pium 


average store. 

So send us this 
make it easy for you to 
can get. 


: Garrett Wade Company, PS-1-0 


+ 302 Fifth Ave., New York, Y. 10001 


bicdae Wa waotio 
as you 


ADDRESS — — — — — —  — — [ 


ClAlso send me the Monterey CITY, STATE, ZIP. 
SN Mental foran Mail to: Monterey Domes, Dept. 


221 I 


Box 5621, Riverside, 'CA 92517 


FREE BLUEPRINTS and TRIAL LESSON 


—for your greater success in Building 


Beginners, craftsmen, even foremen and 
superintendents, have sent for these free 
blueprints and trial lesson in Plan Readin, 
as a means of trying out Chicago Tech's 
home-study Builders training. Learn how 
you can master Plan Reading—Estimat- 
ing—and the practical details of all types 
of ‘construction in your spare time at 
home. Mail coupon below or phone 
TOLL FREE—see how you, too can pre- 
pare for a better job—higher income, or 
start your own contracting business. 

* PHONE TOLL FREE (24 HRS.) 

1-800-528-6050 Ext. 810 


CHICAGO TECH/School for Builders 
2000 S. Michigan Avenue, Chicago, III. 60616 


pt. PS-10, , Check 
Chicago, IIl: 60616 Here C] 


Please mail me a Free Trial Lesson, Blueprints 
and Builders Catalog. | understand there is no 


obligation—no salesman will call. 


NAME. ———— — — — — AGE. — 
ADDRESS. 
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$ 


COMPLETE 


BE A LOCKSMITH 
4995 p 


COURSE 


C 


nd ker; locka; pii car Todi and 
] 


an Hour. 
Fast es 


Supplied. Zooming 


E 
1-800-527-4128 


MASTERCHARGE | BANKAMERICARD 


Wo 


oden Toy 


Patterns Catalog 


OVER 200 DESIGNS 
FREE PATTERNS & WHEELS 


WITH CATALOG PURCHASE 
ONLY $1.00 REFUNDABLE 


fove-Built Toys & Crafts 
2907 Lake Forest Rd. 


P.O. Box 5459=110 Tahoe City, Ca. 95730 


Always Include 
Your Zip Code 
When Answering Ads 


Protects Car, Motorcycle, Boat, Machinery, Firewood — anything! 


PORTABLE CAR GARAGE 


Ice and snow shakes 

off uu — fold it and 

ut it in your trunk. 

- € made to last 
ars! 


Instant All-Weather Protection Wherever You Need It! 


= MAIL NO-RISK COUPON TODAY «eese 


of wood! 


SUPER STRENGTH MODEL (12' x 25) ALSO AVAIL- 
ABLE — made of extra strong, extra thick polyvinyl, 
with 8 reinforced grommets. Comes with protecting 
tape for secure coverage in severest weather — 


only $8.98! 
NO-RISK MONEY-BACK TRIAL 


If you're not delighted with this rugged, durable, 
clear polyvinyl cover with dozens of uses, simply 
return it within 14 days for full refund, less postage 
and handling. But order now — there's plenty of 
nasty weather ahead — and plenty of things that 
need protection. Save when you order extras! Mail 


Coupon Now! 


1979 National Home Products 
60 Wilton Road, Westport, Connecticut 06880 


Huge 12' x 25' PORTABLE CAR GARAGE fits any 
make or model car (even station wagons and panel 
trucks) . . . Made of flexible, heavy-duty gauge clear 
polyvinyl with 8 reinforced grommets for secure tie- 
down. Stays pliable in sub-freezing weather, folds 
compactly for easy storage. Order extras to protect 
motorcycles, farm machines, outdoor furniture and 
barbecues . . . even small boats! Keeps precious 
firewood dry — a single cover protects 2% cords 


| MONA nowe AE PRODUCTS, Dept. C6-80 


ordered below. 
How Many? 


aa luper Strength Model — $8.98 plus $1 


SAVE — 


If after r 
may returi 
postage & 


Total amount enclosed $_ — — CT resi- 
dents add 7% Sales Tax. 
no C.0.D.' 


ü 
Card No. 
Exp. Date 
Name. 
Address. 
i City 


age & handling 


laster Charge (Bank # n — — 


Car Garage(s) 


- Portable Car "T4 — $5.98 plus 75, 
postage & handlin, 
cum 7 fer only $10.98 plus $1 postage 


postage & handling 
Order 2 for only $16.98 plus $1.25 post- 


ceiving my order I'm not delighted, 1 
n it within 14 days for refund (except 
handling), 


cr 
heck or money order, 
s please. | 


[ American Express C Visa 
mE 


CHECK IT OUT! 
There are more opportunities, 


products and services offered 
in the “Classified Opportunity 
Mart," immediately following 
this section. You may find just 
what you've been looking for. 
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EL ge se, em fh pty 
nl other sane Write us for decreten and 
Fc Send T eu cag, 1003 c tr ens 


* Buy Factory Direct and Save. T 

e Thousands In Use e Free Brochure = 

* Easy Homeowner Installation — 

* Immediate Shipment by UPS or PP 

HELPMATE Equipment Co. Dept. PS180 Baroda, MI 49101 


TRUMARK SLINGSHOTS: P.O. BOX 1517 S, BOULDER, CO. 80306 


Make Rubber Stamps for BIG PAY 


woods, carving blocks, inlays, period hardware, 
a moldings, pic. framing. Sliding, revolv- 


parts. Marquetry kits. alty wood- 
working tools Ovar 2000 hard-to ind Drache 


\ 
\ 
\ 
\ 
\ 
\ 
i 
\ 
fe 
| roses: Woodworking books plans. 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 


TEAR OUT AD. MAIL TODAY. 
CONSTANTINE Est. 1812 


2053 Eastchester Road, Bronx N.Y. 10461 


Enclosed $1 for Woodworkers Cati 

ith 20 samples of beautiful veneers. All 

fied. Helpful when buying woods. 
Dollar refunded on first order. 


20 


N 

- 

*. Coffee mill kit. Wood finishes, cane, \ 
T 

\ 

i 

d 

i 


WHOLESALE 


OCKSMITH SUPPLIES 


d 
Log 
N-79 

CATALOG 


shipped within 24 hours. We welcome locksmiths, 
student locksmiths and industrial accounts. To order. 
National's catalog send $5.00 (refundable after first 
Purchase of $25.00 or more). Your catalog will be 
rushed to you by first class mail! 

‘TIONAL LOCKSMITH SUPPLY P.O. BOX 31598 DALLAS, TEXAS 75231 


Power Kine 
one tough tractor! 


% Plows 12” furrows, deep. 
4 All-gear drive delivers 

3 more usable horsepower, 
savesgas. Big wheels, 
high cultivating clear- 
ance. Mows lawn, tills, 
discs, clears snow. 25 
attachments. 12, 14, 16, 
18 hp. Free catalog 
Engineering Products 
Co.,1005-Al Anoka Ave., 
Waukesha, WI 53186. 


NAME 


AODRESS 


These 3 BIG DRAFTING 
KITS included . 


when you train 
with us for a 


Eos: 
JOB IN 
-. DRAFT ING! 


Maybe you can find a job 
that pays better, but I don't 
think you'll everTind a job 
that gives you more satisfaction 
that you are making a big 
contribution to your community. 
‘This home-study plan was designed 
to help beginners get jobs with security 
and prestige as draftsmen. It's 
easy with our exclusive step- 
by-step instruction. 
Werything shown here is 
included with course. 
RUSH COUPON 
Mail coupon for FREE “DRAFTING FOR FREE KIT! 
CAREER KIT", Dratting Aptitude " 
Test. Graduation from this course 
does not insure that you will 
get a job. To find out how out. 
graduates have done, send 
for our job placement 
re 


NORTH AMERICAN SCHOOL OF DRAFTING. Dept. PCOCS 
sn DR Dept. PE0CS, Newport Beach, CA 92660 


FTING CAREER KIT," including folder, 
— ALL FREEÍ 


PART YOU Can Earn ru 
MIME or sgu Hour 
FULLTIME 5: 


OWN 
SHARPENING BUSINESS! .— 


No Selling, No Inventary...Year Round < 
Cash Profits and YOU Set The Hours! 


Yes, there's a lot of business waiting 
for the man who can sharpen saws, planer 
knives, jointer blades, wood chisels, scis- 
sors, axes and other garden, shop and 
home tools. 


Belsaw SHARP-ALL does all these jobs 
quickly with precision and at a big profit 
for YOU. You can become Sharpening 
Headquarters for carpenters, builders, 
lumber yards, factories, home workshop 
hobbyists. And, you can start this Money 
Making business for less than $50. 

FREE BOOK tells how to start your own 
sparetime business while you are still 
working at your regular job. People bring 
in their work and pay Cash—over 90c of 
every dollar you take in is cash profit 


Does The Belsaw Pay? 


YOU BET! 


JOIN THESE SUCCESSFUL 
SHARP-ALL OPERATORS— 


*4000 a Year 


© "Think the world of my SMAR-ALL. Am now 
grossing about $4,000 a year part time, and hope 
to expand shortly. Now doing work for the State 
of New York, Carrier Corp. and General Motors,” 
Lawrence Stevenson 
E. Syracuse, New York 18057 


Wanted to Retire 


had dreamed of retiring for years, but was 
to quit my salaried job. I had never used 

jut the SHARP-ALL was 

ned 30 blades my first 


Let Belsaw prove 
YOU can do it — On our 


tend dens TRIAL OFFER 


otter, to see how easily you 


Our Free Book tells 
how to start a profit- 
able, lifetime home 
sharpening business, 
how we help you grow, 
how we'll finance you. 


BELSAW SHARP-ALL CO. 


rris Cornelius 
Wellington, Teras 79095 


$56 an hour 


On Saturdays, my big day, I take in $45 to $55. 
Other days | average less, but I figure | make 


YOUR OWN 


Send for 
your copy 


vu Ae pio dE RP. 
am presently enlarging my shop, and thank [UCC 700) Field Buildin, 
Lene ea ee Kansas City, Mo. 64111 


ble 
c V.O. Miller 


Hubert, North Carolina 24539 


Had to Ruit His Job 


Bought my SHARF-ALL four years ago. and it 
has done everything (and more) than you 
woald. T never sharpened a eaw in my le, bot LI 
when I had to quit my regular job, I knew I had 
to have something to do. Now I have more work B 
than I am able to do — I have as many as 100 |] 
saves ahead of me at a time.” 
Frank Sartin 
Grandview. Washington 98990 


RUSH COUPON TODAY FOR FREE BOOK 


No obligation . . . No salesman will call 


BELSAW SHARP-ALL CO. 
100) Field Building 
Kansas City, Mo. 64111 


Please send my FREE copy of your book 


“Lifetime Security” and full details on 


L| 

[| 

L| 

LI 

-l ' 
100% Disable ' your 30-Day Free Trial Offer! 4 
[| 

LI 

LI 

I 

a 


B^ was disabled by an accident while employed J 
as an iron worker. They declared me 100% dis- 
abled and said I'd never work again. I don't think lj 
1 could work for anyone else but [ started my 
sharpening business part-time and now its turned B 
nto a full-time job with more work than I can do. 

Rez Stage 

Tampe, Florida 33614 


Name 


Address 


City State Zip 
-—— i "m eee ee - n m m m 
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Edmund Scientific Catalog 


Edmund makes science fun!!! 


Edmund 
Scientific 
Catalog 


Explore with us! 

Over 4,000 exciting products in our Free 
100 page color catalog . . . Astronomy 
© Biofeedback @ Binoculars @ Fiber 
Optics @ Magnifiers € Diffraction Grating 
e Lab Equipment e Lasers e Health e 
Lenses e Magnets @ Treasure Hunting 
* Unique Lighting € Weather ... and 
much more ... in the Edmund World 
of Science! 

Edmund has a proud 38 year record 
of service to the hobbyist, serious amateur 
and professional! 


O Rush me your free catalog! 
Name 

Address 

City 

State Zip 

Clip and Mail Coupon Today to: 
Edmund Scientific Co., Dept. N-02 


Edscorp Building, Barrington,N.J. 08007 
No. 153 *1979 Edmund Scientific Co. 


K utrieb 


WASTE OIL HEATER 


USE ANY 
TYPE WASTE OIL 
AND 


“HEAT FREE” 


Don't throw it 
away...use it for heating. 
‘Models 60,000 to 500,000 BTU Forced air. 


PROVEN * SMOKELESS © ODORLESS 


WRITE 
NATIONAL SALES OFFICE 
LENAN ENTERPRISES, INC. 
BOX 99, Dept. 25, MILTON, WI 53563 
DEALER INQUIRIES INVITED 


, WHAT'S THIS? | 
G4 PUT VENEER | 
ONWITHAN | 
IRON? \ 


FREE: send for tree iron- | 

on veneering Instructions | 

and colorful veneer craft 

f catalog today! 
Announcing! Use new iron-on veneering technique 
and Bob Morgan's wood veneers to create | 
Beautifully veneered furniture, quickly 

| Just put new hot m t beh 
and other wood surfa 

| iron. Veneer is ironed in 
Guaranteed foolproof! Ser 
Catalog lists 101 varie 1 

Supplies, tools, an melt glue Sheet 

| reasonable prices. Bargain starter offers also | 


easily! 


Burglar-Fire Protection 


TIRE Protect Your Life, Home, Business, Auto, etc. 


* Our catalog shows how. Install your own 
larm systems ond devices ond save $555. We 
offer FREE write-in engineering service. 


EE CATALOG "rrt 


Mem Spes end Dern 
Box 82802-PS Lincoln, Ne. 68501 


Burdex Security Co. 


BASEMENT TOILET 


Flushes up to existing sewer or septic 

tank by powerful, self-contained pump 
operated by normal water pressure. No 
digging up floors. Clog resistant, easily M 
installed. Make basement into game 

room, den, apartment with private bath. 

Write for free literature. Dealer inquiries invited. 
DOSS MFG. Dept J-26, Box 10947, Houston, Texas 77018 


UPSTAIRS. 
SUIVISNMOG 


STAIR-GLIDE' stairway un 


America's largest selling stairway lift is the 
ideal solution for people who cant or 
shouldn't climb stairs 

Rental-Purchase Program 

Easily installed 

UL listed 

Will not mar walls or stairs. 

Economy and Outdoor models available. 


AMERICAN STAIR-GLIDE * CORP. 
4001 East 138th, Dept. PS-010 
Grandview, Missouri 64030 


COUNTERFEIT GUN 


AUTHENTIC! FULL SUE MACHINED METAL MODELS, 
precision machined meta look 
S Le nd tesi ie etl eil uns. Wil foo exper. eect 
Reo. “slued.and deese 


Ts 
EC fes, rerom, TREE ru. So.on CALOR. 
SO" Sus. hand lotahed sario DELIVERED FULLY 
SAME SIZE 
WEIGHT 


AND 
AS THE ORIGINALS! 
MONEY BACK IF NOT SATISFIED! 


GOVERNMENT 45 


DEPT. [CL '800 SLATERS LANE, 


ALEXANDRIA, VA 22313. 
Send ()R300 [] Send mE: COLOR CATALOG 
etl O BC C Mastercharge C Am. Dress D) Diner's Chè 


2- 


~ UST ALL NUMBERS ON YOUR CARD) — 
name. 
ADDRESS . 


included. SAVE 25%, Hurry! 
| BOB MORGAN WOOD, DEPT. PO2K78 I 
X, __ 1123 Bardstown Fd, Louisville Ky. 40204 — 


KUNG-FU - KARATE 


Learn unbeatable fighting power| 
BLACK BELT INSTRUCTORS 


NEW HOME STUDY COURSE 


CERTIFICATE AWARDED 
For 
serais NEW ORIENT KARATE SCHOOL 


write: Dept.3A — Box 5, Avon, N.J. 07717 


RICKA DUO-WHEEL CONVERSION 


To VOLT A.C. GENERATORS 


ycles, 3000 watts. Wt. 27 pounds, 5°x10" Fan- 
Bait driven trom car or pickup. Operates T.V. All 
power tools. Over 17,000 in service. This is our 30th 
Year, Guaranteed 6 months, $168.00, Our Xizowatt 
Tenerator ne no battery, Special Price $159.00. 
\dd $5.50 Lr E je & handling. p unit. 


VIRDEN-PERMA-BILT 
Box 7160PS, 2821 Mays, Amarillo, TX 79109 
‘Phone: 806/352-2761 


KIT AND FIBERGLASS FENDERS 


The ultimate 
in safety 


New wide tire adap- 


protection for 
your family. 
RICKA MFG. 
DEPT. RPS-1 
Pequot Lakes, MN 56472 


Tien rucka, Simple 
bolt on installation. 
Increases traction, 
tire capacity & life. 


It's Easy 


HANDCRAFT YOUR OWN 


WALL 
CLOCKS 


4 H X IG" wood d slab (approx. size) 
- o 

ent eectsnds 
Compete instructions 


O Birch $24.95 
CI Juniper $29.95 
Both $49.95 


New Electric Tiger Eye Ring 
MOPED $210 FOB ef 8280800808888 888 88888 Ce 


: SAMPLE IMPORT FREE!: 


and I'll tell you exactly how to turn it into big mon 
9$€00000000000000000099 


FP e) Germany| | MAIL FREE SAMPLE CERTIFICATE — Get Full Facts 


— : How to start your own big profit 
HOME IMPORT BUSINESS 


Orlon 
24 25 MY PLAN STARTS YOU FAST. ..Shows you how to 
^. (es Buy Below Wholesale 


Poncho 

^,  MEN-WOMEN...Turn Spare Hours or Full Time into INCOME! 
DISCOVER PROFITS OF IMPORT! My Home Mail 
Order Import Business Plan guides your every step... 
it is based totally on my personal success. Shows how 
to deal direct and cut out costly middlemen. . .so you 
keep all the profits! I do the “hard work” for you... 
by traveling the world to find dazzling “first time of- 
fered" new imports. The actual sample I will send you 
th pire spans Free is typical of my import discoveries. You can pick 
u succeed using my per- = and choose from more than 24,000 products. Deal in 

Mail coupon for one product or 1000’s. Buy below wholesale. 

YOU CAN START IMMEDIATELY. I arrange free 
membership in exclusive International Traders organi- 
zation . . . instantly puts you in direct contact with 


Taiwan 


LCD WATCH 
YOU CAN BUY S.S. Band 


SA FREE CATALOGS! 

1 Now! Quick Double Profits 
As a Member of International 
Traders you also get free cata 
logs of specialty merchandise 
to order at rock-bottom prices 
from big U.S. warehouse. 


ONE SAMPLE ron’ trex 


B. L. Mellinger/The Mellinger Co. 
6100 Variel Ave., Dept. A2241 

Woodland Hills, CA 91367 a eene 
Send FREE REPORT, “How to balc 
Import and Export" . . . also i for 

actual Free sample importe Every n 

thing you send me is mine to keep " lah i F 
without obligation. Show me how indicted ah COSE 


Q 
s 
© 


Electric 
- Razor 


imports you can buy WW year Export" tells how to do it. No obligation. No salesman 
mum total order as low 
$9.25 Projector 
$2.90 

Mink Coat 299. ppd. 96c 
ruling makes thousands 
for importers. Cut out 
the International Trad- 
e International Tra $370 

Regularly | meet I. T. Members at regional 


ONEATA TIMEOR 9999 , suppliers abroad. I show how to operate anywhere. 
BUY IN QUANTITY : Age no barrier. Ideal for spare time husband/wife or 
one at a time... & guar. will call. Certificate brings your free gift sample import 
others you can order in 6 Functions and everything else. 
as one Jade Ring 2.75 
ppd. or 1.28 in quanti- 
Jade Kos, Cassette 

Coe de 10.80 for 2sor Field Glasses Ring ^ $8) Se Sd: 
ppd. or A or or L i 
9.90 for 50, all post- $355 $1.28 Ge Tognon 
of imports free of any Kids 
duty whatsoever, mak- Tricycle 
greedy U.S. specialty 
merchandise middle- 
ers way. : KA 

PERSONAL GUIDANCE! 

closed door Seminars across the country. 

You will be invited to these meetings. 


retirement iness. My report, “H I d 
Many of these 24,221 t business. My report, “How to Import an 
quantity, with mini- Metal Detector Movie 
ty. Other examples, one 
paid. New government 
ing even larger profits 
men. Really deal direct, 
| believe in giving you my personal help! 
1000's more dazzling products you can buy DIRECT! 


I can start a profitable home busi- || hereby agree to 
limit my request 


ness of my own. 


to one, and one 
x ONLY, Free sam- 
ge | ple Import. | have 


Walkie Talkie Cigarette Lighter not previously re-[s 
Golf Balls Beer Steins quested this Free 
Baseball Glove Rifle Scope sample. | am over 
Telescope Phone Amplifier 18 years of age. 
Electric Calculator Movie Camera Initial here 
Sapphire Ring Fishing Rod 

Spinning Reel Swords 


Radio » Black Forest Clock 


Train 


If you enjoy fixing things, you're a “natural” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 
COLLECT CASH PROFITS ALMOST AT ONCE! 
You're “in business" ready to make $5 to 
$10 an hour a few days after you begin 
Belsaw's shortcut training. Easy, illustrated 
lessons complete with ALL practice equip- 
ment PLUS 


@ ALL TOOLS YOURS TO KEEP 
@ KEY MACHINE YOURS TO KEEP 
€ EXPERT PERSONAL ASSISTANCE 
€ BUSINESS-BUILDING HELP 


r training. 
Work is nn sing, M can 


do it anybody can- 
Glen Johnson, 


Accredited Member NHSC, 


Larned, K an. 


Make Up to $10 an Hour—even while learning! 


"Be a LOCKSMITH 


64111 
FREE °! (0p speed. I'm moving to bigger quarters. 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 

MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time—or in your own full-time 
business. Ideal for retirement—good jobs, too. 


BELSAW INSTITUTE, 1103 Field Bldg. 
Kansas City, Mo. 


N. Hunt, Wilmington, Del.—"| make $50 a 
week extra. 


St. Louis, Mo.—"l cleared $110 last 


AIL THIS COUPON e NO SALESMAN WILL CALL 


THIS DO-ALL PRO 


KEY MACHINE YOURS 


cost 


BELSAW INSTITUTE, 110) Field Bldg. 
Kansas City, Mo. 64111 


Rush FREE book, “Keys to your Future," 
Name. 
Address 
City. 


State. Zip. 


cu lITLILILIIPLIJ 


DOOR GUARD'S 
Piercing Alarm Scares 
Intruder's Away! 


e Installs in Seconds — Without Wires 


e 2 Alarm Settings. — instant 
and 5-Second Delay 


e Also Announces Visitor's Entry 


only $2995 


Security you can afford 

Now! Make your home or office safe from burg- 
lars with Door Guard, the electronic alarm sys- 
tem that installs easily, quickly without wires. 

Simply attach Door Guard to any door or win- 
dow and immediately begin to enjoy greater 
peace of mind and security. 


The front panel of Door Guard features 15 num- 
bered buttons which provide a total of 2,730 
different "secret" combinations which autho- 
rized persons may use to turn off the alarm. 
What's more, Door Guard is attractively styled 
of impact-resistant plastic with wood-look 
sides which complement any setting. It is pow- 
ered by a single 9V alkaline battery 


Pleasant guest announcing chimes, too 
Just set Door Guard on "Visit" and when the 
door is opened, a lovely chime will sound. 
Great for shop owners or to alert you to a 
guest's arrival when you're in another part of 
the house. 


Instant Security for Your Home! 


Order your Door Guard for instant security at 
home, in your office, camper, boat or garage. It 


measures just 6'/16” x 21/16" x 1%" and is 
equipped with a handy indicator light for code 
testing and battery checking. 


Door Guard is just $29.95 plus $2.95 for ship- 
ping and handling. . . Order yours now! (Illinois 
residents add 5% sales tax.) 
Credit Card Holders 
ORDER NOW—TOLL FREE 


800-621-5559 
(In Illinois — 800-972-5858) 


© CAMBRIDGE 
8 INTERNA 


8700 Waukegan Road Morton Grove, Ilinois 60053 (312) 966-5510 


Dept. P1 
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BEA 
CHIMNEY SWEEP 


Your Own Business: A sweep can clean a chimney 


iationally, the average 


chimney. 
with the August West” System in one hour. 
$40.00. 


‘able creosote In chimneys. 
Regular cleaning is necessary 
to prevent fire damage. 
The August West" System: 
More sweeps use it than any other method in 
the country. 
Send for our free booklet, or call TOLL FREE. 
any trne and ask for “The Auges Weni Story.” 


800-648-5311 = 
tum. 


COUNTERFEIT GUNS 
 BLANK-FIRING ( sax) - 


(ENTIC! FULLSIZE MACHINED METAL PISTOLS CANNOT 
[3 TO FIRE REAL AMMUNITION. These blank: rum d 


Y firearms! No federat license required, Purchaser 
years or older. Money back (less postage) If not 


p 


Length: 025" Weight: 22 ibs. 
1050-2081 347.95 
US0-22BC. Blank cartridges, Box of 109. 


200 SLATER® LANE, ALEXANDRIA, VA 22313 
Send D US0-2061 C US0-22BC D FREE COLORCATALOG 
Chargeto: C VISA MC OAX OCS ODC 


(UIST ALL NUMBERS ON CARO, INCLUDE EXP. DATE) 
NAME 
ADDRESS 


CITY I STATE ZIP. 
|MONEY BACK (LESS POSTAGE) IF NOT SATISFIED! 


YOURSELF 


FINE GRANDFATHER 
CLOCK KITS 


STARTING UNDER 


3220 


(including movement 


. Factory direct 
prices 
Heirloom quality 
* Solid 3/," hard- 
woods: black 
nut, cherry, ma- 
hogany, oak 
* Easy to assemble, 
parts pre-cut 
* Solid brass West 
German chiming 
movements 
* Money back 
guarantee 
* Prompt shipment 
MASTER CHARGE and 
BANKAMERICARD/VISA 
ACCEPTED 


Write for FREE 
color catalog 


EMPEROR’ 

CLOCK COMPANY 

WORLD'S LARGEST MANUFACTURER 
OF GRANDFATHER CLOCKS 


Dept. 337 Emperor Industrial Park 
Fairhope, Alabama 36532 


YOU CAN MAKE BADGES 
QUICKLY, EASILY, INEXPENSIVELY 


This is z original $24.95 badgemaker. BADGE-A-MINIT is 
now in use by thousands of businesses, schools, clubs and 
individuals throughout the United States and Europe. A 
unique, patented system of color coded dies and a hand 
die press allows f to create colorful pin-back 
badges and buttons. BADGE-A-MINIT is so portable, so com 
plete tia you can make badges, anywhere, anytime, in any 
quantity. 
Send today for FREE expanded color catalog showi 
America's foremost badgemaking systems ant 
accessories. 
Basic system as illustrated, contains sturdy, hand die 
press, color coded, BUT-N-LOK dies, parts for twelve 
pin-back badges, and fully illustrated instructions. it's 
‘only $24.95 and is the ideal introduction to the fun 
and profitable world of badge and button making! All 
BADGE-A-MINIT systems are unconditionally 
guaranteed. 


PROMOTE 
IDENTIFY 


SEND FOR 
RAISE FUNDS COLOR CATALOG 
MAKE MONEY 


eee eee ee ee eee eee 
BADGE-A-MINIT, Ltd., Dept. PS-10Box 618, Civic Industrial Park, La Salle, IL 61301 


l [C]! WANT TO MAKE BADGES. Rush me the basic YES, SEND ME the BADGE-A-MINIT catalog, FREE! I 

HL BAOGEA-MINIT system. I'm enclosing $24.95 plus [| 
$1.75 shipping. (Il. residents add $1.25 sales tax.) 

I LJ. My personal check or money order is enclosed. Tak [| 

p Deve I 
OVSA O Masterchage C American Express Address 

| cae | [| 

p 5n ——— — m ____ Suh. Te. 

Sgratue, UNCONDITIONAL MONEY BACK GUARANTEE [| 
Me m——————————Á 


STERE 


SOUND 2 
ADAPTER 


GET SIMULATED STEREO 
SOUND FROM YOUR 
TELEVISION! 


TELEDAPTER® easily connects to your own 
TV and stereo system to give you full rich simu- 
lated stereo sound through your amplifier and 
speakers. TELEDAPTER'S electronic circuity 
matches the impedence between your TV and 
stereo amplifiers’ aux., tape, or tuner input, 
while completely transformer isolating the TV's 
& stereo's chassie, for safety. The matrix cir- 
cuity provides two channels of output that plug 
directly into your stereo. Those ballgames and 
movies will never be the same after you hear the 
realistic thundering sound. Only $19.95 postage 
paid, complete with hookup instructions, 2 year 
warranty. 

To order: Enclose check * VISA or Master- 
charge # 
Expiration Date. 


We offer Tall or Big Men the world's greatest. 
selection of reasonably priced Brand-Name 
clothing and shoes. Sleeves to 38"; necks to 
22"; inseams to 38"; shoes to 16EEE . All 
Guaranteed Before and After Wearing, Wash- 

ing, Dry Cleaning or Money Back! 


Bank tt 


ADDRESS. 
CITY 


] My Telephone Number 
- STATE. zp 


| Height. Weight. 
| NAME 


ADDRESS 


Shoe Size. 


Dept. PS - P.O. Box 817 
RHOADES Henlereonutic, TN 37075 
CORPORATR 


(615) 824-1735 ~ 
STATE GUARANTEED 


REFUNDED. 
COMPLETE CATALOG 


Annual Buyer's Guide | 
160 Pages 
Over 500 Photos 


= ASSEMBLE & DRIVE 
YOUR OWN FULL-SIZE SPORTS CAR 


For the low price of an ordinary compact car, you 
can own an authentically detailed MG-TD replicar, a 
full-size Dino ike, or a gull-wing 
Porsche-inspire« racer, Altogether, there are 
more than 100 stylish antiqui modern 
Coach reproductions known as "kitcara." Virtually 
all are simple one-for-one bolt-on body replacement 
designed to fit a variety of popular everyday cars. 


Now you can get all the important details about 
these practical do-it-yourself money-saving 
sions with the newest, largest, most comi 
super catalog ever published. The Comp! 
To Kit Cars gives you 160 fact-filled pages of inf 
mation about these revolutionary automobiles 
that can be assembled for a fraction ot their 


8 
* More than 500 photos 
Specifications How-to features plus 


* 14 Day Money Back Guarantee * 


$10 Rush 1st Class 
B qr poupe $11 Foreign Air Mail 
Bill to my: O Master Charge O VISA 
Send Today To: AUTO LOGIC, INC. 


O. Box 2073, ‘Dept. 602 
Winisston DE 19899 


Exp. 
* = — Date 
Signature 
Name (print) l 
Address 


City State Zip 


Order TOLL-FREE by phone. 
Master Charge or VISA REQUIRED! 
(800) 331-1000 Day or Night. 


(918) 664-8300 in Okla. call collect. 


RELITE 


2 bulb fixture duplicates the charm 
‘and increases the light output of a 
doul 


it dawn 
photo control, fixture, bulbs, 
detailed instructions. Your energy. 
savings will pay for this kit in less 
than 6 months. 115 volt kit $29.95 
postpaid, or safe 12 volt kit including 
‘plug-in transformer, $39.95. 

Dealers and installers inquiries invited. 


1678 Hewitt Dept. 55 St. Paul, MN 55104 


SILVO (BRAND NAME) TOOL CATALOG 
THOUSANDS OP EXCITING TOOL VALUES: 
well Dremel, Sell” Michrison, lesions: Millers 


ised bri 
supplies. We ship Coast to Coast at 
to . Send $1.00 for our big SILVO TOOL 
CATALÓG today. 


SILVO HARDWARE Co. 


2205 Richmond St., Dept. PSO-1, Phi 
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The Andy Super Magnet Lifts 100 Pounds | ALCOHOL FUEL: 


Costellos are ; À ("MANUAL FOR THE HOME 
saving $12to $15 || ^7" fata area AND FARM PRODUCTION OF 


a month on their sir bending T". | ALCOHOL FUELS" 


by S. W. Mathewson 


"Written by an expert in clear, understand- 
able language, this comprehensive modern 
EDS ess z manual contains everything you need to 
E NET know to produce cheap, efficient fuel from 
Self-Stik Rainbow Le ers T almost any agricultural material.” 


Chapters on: U. S. GOVERNMENT REG- 
ULATIONS, FUEL THEORY, MODIFYING 
ENGINES TO BURN PURE ALCOHOL, 

= | GASOHOL, WATER. INJECTION, ECO- 
MIU MEW CATALOG OF NOMIC CONSIDERATIONS, MALTING, 


METER MASHING, FERMENTATION,  DISTILLA- 
TRICKS « JOKES TION, and MUCH, MUCH more . . 
practical, down to earth plans for mashing 
hings You Never Knew. 


and fermentation equipment from 55 gallon 
drums . . . plans for an efficient, high 
volume ‘still and reflux column from com- 
mon hardware and plumbing items . . . 
"ERR (Spaan plans for a continuous feed 
a si 

FOR SPEEDIER DELIVERY $12.95 postpaid 


PLEASE USE YOUR J. A. DIAZ PUBLICATIONS 
ZIP CODE Box 709, Los Banos, Ca. 93635 | 


SAVE Por Piers] DOEEABS 


Heat and SG Saver 

Changes any 3” to 8” Flue Pipe 
into a finned heating radiator. 
Converts 38” of 3" pipe, 19” of 
8" pipe. Made of non-rusting, 
heat conducting metal for long 
life and greater efficiency. 
Installs in minutes, no tools 
needed. 

$6.95 plus $.95 shipping. 
WIL-MOR, INC. Dept. B 

P. O. Box 30182 

Cleveland, Ohio 44130 


Ohio residents add 53496 Sales Tax. 


that's at least $144 a year! 
How are they doing it? 


With the Efficiency II™ heat pump 
water heater. The Efficiency II 
attaches to the existing electric 
water heater and draws heat from 
the surrounding air to heat the 
water, providing the same amount 
of hot water while using half as 
much electricity. 


The Costellos are pleased with the 
results: 


"We're satisfied with the 
Efficiency Il. It's been saving us 
about 12 to 15 kilowatt hours a 
day. That translates into $12 to 
$15 a month’: 


jackets, A 
Flight suits, goggles and much 
more. Call or wi jay for your free copy. 


AVIREX LTD 


468 Park Ave. South Dept. PS1 
,N.Y.10016 (212) 697-3414 


[_ eee a ey 


— _ QUARTZ; 


Our electric water heater is located 
inthe 


PHONE ORDERS WELCOME! 


For a Free Catalog - Write KLOCKIT, P.O. Box 629 * Lake Geneva, WI 53147 
or Call: [414] - 245-6902 - [For Ist class catalog delivery - send 50c] 


Find out more about the Efficiencyll | BATTERY CLOCK l 
and how it can save you money. 
Call or write us today. l MOVEMENTS - NEW | 
| LARGER 
SELECTION I 
l at the Lowest I 
l QUARTZ #202 & 203 Prices Ever lo | 
| | Dimensions 2 7/8" L x From KLOCKIT rum | 
27/16" W x1" D. wi 
l #202 - for dials up to * Pendulums! meian made ewe | 
l 1/4" thick. * Dials! Battery Clock Movement — | 
[#203 - for dials up to * New *'Mini-Quartz" Free He. k Min. band. — | 
State | 7/8" thick. © Numerals! yw prices: . $6. I 
ices: 5 Mvts. $5.85 ea., 10 
Telephone: Home iassa 7 * Chime Movements! ——— was 35.40 a. I 
| | 10 Mvis. $7.65 ea. * Wt. Shells! For dials up to 1/4" thick- | 
Work Free Hour & Minute Hand! long shaft available - at 
Our home is heated by: | eed n00 Seca, Add:Shipping & Handling! Sight extra cost, shipping | 
Delectriciy [loi Ogas | soo 1 unit $1.50, 5 units, $2.00 extra. I 
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TOOL CATALOG 


Woodcrafters tools are 
not generally available 
\fat local outlets. Our 
fa new catalog details 3000 
imported and domestic 


5 MJ tools, benches, and 
accessories tor cabinet makers, carvers, 
sculptors, finishers and hobbyists. 


Catalog $1.00 in Coin or Stamps 


@WODCRAFT: 


. PSIO 313 Montvale Ave. 
D BURN. MASS. 01888 


THE WORDEN SYSTEM 
SECTIONAL LAMP SHADE FORMS 


Simple - unique - con- 
struction method. Make 
beautiful Tiffany style 
lamp reproductions. 
A Over 70 ANTIQUE De- 
signs. At most stained 
glass shops. Big illust- 
rated color catalog. 
$3.00 PPD (509)-854-1557 
H.L. Worden Co. PS80 
P.O, Box 519 
We) 118 Main Street 
Granger, WA 98932 


ou towoperate 
tors 7% horsepower from 
e phase power sources, Rugged — heavy $59" 
ty — patented unit built to give many years of 

satisfactory service. Satisfied users worldwide since 1966, 
Free literature furnished on request. Telphone 305-862-3038. 


RELIANCE ELECTRIC MANUFACTURING COMPANY INC. 
Rte. 2, 1024 W. Lake Brantley, Maitland, Fla. 32751 


ONLY 


COMPLETE KIT, AVAILABLE, IN 

HIGH PRESSURE PUMP, 
SUN Hose, SOAP INJECTOR, ETC: 
MOTORS AVAILABLE. 


SEND Fon FREE PLANS. 


Catalog features e 


Mes SOY 


ine. tow 
POSTPAID 


STOCK DRIVE PRODUCTS, DEPT. B. 
‘55 SOUTH DENTON AVE., NEW HYDE PARK, N.Y. 11040 


venting an 
prices, CATAL 


FOOL YOUR FRIENDS. NOVEL & USEFUL. PUSH 

THE BUTTON AND COMB BLADE SPRINGS OPEN. 

m LENGTH WITH LOCKING DEVICE. 
L 


M-10-PB $2.95 EA. plus 30€ postage 


WESTBURY SALES CO. 373 Maple Ave. 
Westbury, N.Y. 11590 M-1-PB 


Assemble our unique Magnatrac 
Tractor Kit. Buy factory-direct. 
Catalog of Kit construction 

and uses — $50. "Build-t-yourselt” 
Plans — $700 (refunded on any purchase). 


STRUCK KIT, 15 


PS10 Cedarburg, WI 


NOW! Your home workshop 


can pay off 


power-fed : tool’ 
saws, planes 
& molds in one 
fast operation. 


ONLY THE Belsaw 


Power-feed 
wie... RIP Pss 


PLANE 


Powerfeed P Om 
Planer 4. 


A 


or All in One Operation... 
— areal money-maker for you! 


your own 


Part time 
or full time - 


BUSINESS ient at home 


Men and women everywhere are using this 
low-cost powerfeed machine to start and 
build their own new businesses... and 
YOU can do the same. Supply lumber 
yards, contractors and carpenters in 
your area with door and window trim 
..base shoe...bed mold...cove and 
quarter round... ALL of their trim. You 
can sell picture frame to lumber yards, paint 
Stores, department stores . .. and direct tousers. 


Read what these Belsaw owners say! 

Vve been a planer man 44 years and now retired. The 
Belsaw has earned me $60,000 in eleven years with the only 
expense being $7 50. For the initial cost, it's the best invest- 
ment | ever made 

Robert Sawyer — Roseburg, Oregon 


“This machine pays for itself making money out of scrap 
boards. It is a very well built machine and | confess it is more 
than | really expected for the price. It does everything you 
sayitwill.” 

Stephen Schultz — Orangeville, Penna. 


"I bought a batch of walnut in the rough, and after planing 

it on the Belsaw | figured | saved enough money to pay for 

two-thirds the cost of the Planer. It really does a good job.” 
S. Clark — Springfield, Ohio 


“I make furniture, grandfather clocks and many other 
things. My Belsaw does nice work and | couldn't do my job 
without it. really like it." 

W.W. Robinson — Flat Rock. Ilinois 


-and from this well known authority — 

"| recommend the Belsaw as the most useful shop tool any 
craftsman could own. We use one every day in the Workbench 
model shop... couldn't get along without it. 

Jay Hedden, Editor 


Workbench Magazine 


Only complete workshop 
tool of its kind in the world 
turns rough lumber into 
finished stock. 


The BELSAW Planer/Molder/Saw is 
a versatile piece of machinery. It 
turns out profitable precision molding, 
trim, flooring, furniture...in all 
popular patterns. Rips, planes, molds 
separately...or all at once. Used by 
individual home craftsman, cabinet 
and picture framing shops, lumber 
yards, contractors and carpenters. 
No previous experience necessary 

Never before has there been a 
three-way, heavy-duty woodworker 
that does so many jobs for so little 
cost. Saws to width, planes to desired 
thickness, and molds to any choice of 
patterns. Cuts any molding pattern 
you desire. Provides trouble-free 
performance. And is so simple to 
operate even beginners can use it! 


Let Belsaw prove 
YOU can do it, too! 


Try it in YOUR Shop...on our 
30-DAY FREE TRIAL 


No Obligation and No Salesman Will Call. 


RUSH COUPON BELSAW POWER TOOLS CO. 
TODAY! Kansas ciy. Mo. 84111 


26 E> Ta 
j BELSAW POWER TOOLS [a 


920) Field Bldg., Kansas City, Mo. 64111 


Please send me complete facts about 
PLANER - MOLDER -SAW and 
details about 30-day trial offer. 
‘understand there is no obligation and that 
no salesman will call. 

7| Name_ 


Address 


City. 


— np 
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INVENTORY ADJUSTMENT SPECIAL! 


PILOT'S GLASSES AT 
UNBELIEVABLE PRICES! 


* Handcrafted 
* Polished Gi: 
+ Hardened Metal Frames 

* Money Back Guarantee 

To order, send check or money order {include $1.00 
for postage and handling) to U.S; Opti t. 308, 
P.O. Box 14206 Atlanta, GA 30324. (PI 


old or silver frames.) SPECIAL: Order 
JO PAIR for $13 plus one dollar handling ng charge. 


FREE! During this limited pifo: 
Deluxe velour lined protective case. A $3.00 value. 


LIMITED OFFER FROM Us. OPTICS 


Build your own 110-Volt Electric 

Plant from used parts. Will oper- 

ate lights, power tools, heating 
lect. 


STAINED 
GLASS 


Send 50¢ for fascinating 
catalog of kits, tools, 
ideas, books, and sup- 
plies. 

BIG SEARTER KIT 


REPAIR HYDRAULIC JACKS 
Earn while you learn at home. Mi 
d "ions of jacks in gas and auto service 
stations, trucking firms, Body shops, 
riggers, lactores and farms need sev 
kcing... most of which you can learn 


to repair. We show you HOW, Stat 


j spate tme in your basement or ga 
rage. Big opportunity for mechanics 
© ACT NOH metum PSI 


re bone a 
HYDRAULIC JACK REPAIR M MANUAL CO., INC. 
JOX 3 © STATEN ISLAND, N. Y. 10314 


U.S. SURPLUS ROTARY FILES) 
Hardened Stel. For fing, driling, miling, carving, routing any ‘wood. 
pes from Y 4° lo V, all shanks i". Bani exi ar gt Gl nen 
32-Tool Set, GI. cost $275 now .. $2200 
Tol Set GL cost $114 ow - 
Save Even More, Both Sets now ..52300 

‘Twa $11 Sets (United Time) $52.00 


00% Guaranteed. Aga $2 50 lor shpe 
J| Texas orders add 5% tax. Export orders 


‘SURPLUS CENTER, Dept. 501 


electronic minteral/metal detector 

Locate gold, silver, coins, rings . . . from $59.9: 

Patented « Call Toll Free for nearest Dealer Up’ 
800-547-6911 


Free Literaturee*DEPT. C9 
1071 Pleasant Valley Rd., Sweet Home, OR 9738606. 


À ? Telephone Listening Device 


recorder when phone is hung uj 
Tne deva rotan rr mS 


Wireless M Mic 

10 times more powerful than other mics. 
Transmits up to% mile to any FM radio. 

to assemble kit. 15V battery (not inci.) 
Cali (205) 725-1000 or send $18.95 + $1.00 shipping per item. 
to USI Corp., P.O. Box P$-2052, Meibourne, FL 32901. 
TOWS sos. Li transmitters, voice scramblers. 
and other ll s enclose $2.00 lo USI orp. 


a 
e 
e 
a 
e 
e 
e 
a 
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a 
e 
a 
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NOW! Get in on the 
PROFITS in 


Work part time, full time— 

right at home- we help 

you every step of the way. 

No doubt about It... as a small 
demand for 


make 
oats 
tillers, edgers, pc 


Professional 
Tools And 
Equipment 


All YOURS TO KEEP— 
Il At No Extra Cost! 


NO EXPERIENCE NECESSARY! 
You don't need to be a ‘bom mechanic’ or have any 
experience. You can master this profitable trade 
in your sparetime. Lessons are fully illustrated. 
prs parte and with our famous. "learn-by-á 


‘hands-on’ experience. We 
el bushes, iar 


Send for onan rm It TODAY! 
NO Obligation -NO Salesman Calis! 
You risk nothing by accepting this offer to see how 
easily you can learn the skills you need to increase 


your income in a high-profit business of your own. 


Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 


BELSAW INSTITUTE 
530) FIELD BUILDING 


LSAW INSTITUTE — accresues 
530) FIELD BUILDING Member 


ae CITY, MO 64111. sus; Councit 
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S - 
eHas its revolving tines in the REAR instead 


ONE 
HAND! 


The wonderfully different 
and better idea in TILLERS! 


Just 


The TROY-BILT° 


is so easy to handle 
you guide it with 


Just ONE HAND! 


of the FRONT! 
@Has POWER DRIVEN WHEELS! 
You leave NO footprints or wheelmarks! 


*Now has 4-SPEEDS! ''Whisper 
Quiet" POWER REVERSE! 

eThe TROY-BILT® is built by the builders 
of the original famous ROTOTILLERS, 
which introduced rear-end tillage over 40 
years ago. This latest and greatest of them 
all is now, more than ever, the favorite 
coast to coast with home gardeners, 
growers, nurserymen, tiller renters, land- 
scape gardeners! 

@Several models, 
STARTING! 

€ Does NOT tangle near as much as ordinary 
Tillers because it is actually TWO machines 
in ONE! Not only is it a great Tiller, it Is 
also an extremely efficient COMPOST 
CHOPPER-SHREDDER! 

@Does NOT require great strength...older 
people, ladies, too, operate it easily. We 
have many delighted owners in their 70's, 
80's, even 90's who tell us they would have 
given up gardening if they did not have our 
Tillers! 

@ Instant depth control! Hood encloses tines 
for safety and for close cultivating! 

@ Furrowing, snow removal and other attach- 
ments available! 

@ Solt direct to keep prices down—would 
have to be at least $125 higher if sold 
ordinary ways! 

* Comes with our famous no-time-limit 
promise to you! 

€ Will GREATLY increase your gardening 
joy! 

For heaven's sake don't buy any other Tiller 

—don't put up any longer with the Tiller you 

how have! Mail the coupon below NOW for 

complete details, prices, OFF-SEASON SAV- 

INGS for this. wonderfully different and better 

idea in Tillers—The TROY-BILT®. 


TROY-BILT* TILLER, 102nd St. & Sth Ave., Troy, N.Y. 


TROY-BILTO Roto Tillers, Dept. 00021 

‘Wand St. & 9th Ave., Troy, NY 12180 

Please send me the whole wonderful story of your 2-in-1 
Roto Tiller-Power Composters with and without electric 


starting, including prices, OFF-SEASON SAVINGS now in 
effect. 


including ELECTRIC 


(Please Print Clearly) 


City 


75 MPG! 


TOP SPEED OF 90 MPH! d 
1,125 MILES OF DRIVING imum 


(from a 15-gallon fuel tank)! 


That's the kind of high-mileage, 
fuel-pinching performance you 
can get — right now — with the 
amazing HYBRID ELECTRIC 
CAR! What's more... you can 
build it yourself! 


HOW IT WORKS The layout of the new drive system. 


All you do is take your existing car (or buy a used body) and replace its 
original power plant with a small gas-powered lawn mower engine. 
(That's right, a lawn mower engine!) This engine drives a generator 
which, in turn, supplies the vehicle's drive motor with electricity allow- 
ing you to travel at speeds up to 50 MPH. 

When more power is needed, four automobile batteries — hooked up in 
series and fed by a 100-amp generator — give you plenty of kick for passing, 
climbing hills, and for running at higher speeds (up to 90 MPH)... and to 
help save normally wasted energy, a regenerative braking circuit auto- 
matically converts the drive motor into a generator that feeds and charges 
the batteries while the vehicle is decelerating! 

Your total cost — by buying your own parts and building it yourself — is 
under $1500. Your first year's benefits alone — in fuel savings and in hassle- 
free driving — will more than pay for the car! 


GET ON YOUR WAY TO HIGH-MILEAGE MOTORING. . . NOW! 


THE MOTHER EARTH NEWS? — the national magazine long recognized 
as a leader in alternative energy — offers you a detailed, step-by-step set 
of plans for making the HYBRID ELECTRÍC CAR. The complete package 
includes the plans, bill of materials, and list of suppliers. The plans sell 
for $15.00 and come with a no-risk guarantee. To order simply fill in the 
coupon below and mail it — along with your payment — to: MOTHER'S 
PLANS, Dept. SP, P.O. Box A, East Flat Rock, North Carolina 28726. 


1 
Í Enclosed is $15.00 i 
H Please send me the HYBRID ELECTRIC CAR plans. | understand that | have 10 days to examine  ; 
ihe piana, and if | decide not to use them, | can return them for a full refund. 1 
p To: H 
j NAME ADDRESS | 
i city STATE. ZR F 
H CHARGE IT TO MY Ci MASTER CHARGE OR O VISA CARD 1 
NAME. ACCOUNT NO. EXPIRATION DATE. 1 
| MASTER CHARGE INTERBANK NO. SIGNATURE. i 
i Add $1.00 if you wish to have your plans sent first class. 
North Carolina residents add 4*6 sales tax. 1 
MOTHER'S PLANS, DEPT. SP, P.O. BOX A, EAST FLAT ROCK, NORTH CÁROLINA 28726 | 
— enn 


It's Not Too Late To Save Money On Your 
Heating Bills This Year! 


A Louisville, Ky. Thermograte* owner saved nearly 
$100 on his home heating bill in February, 1979! 
You can still order and install a Thermograte* 
Fireplace Furnace insert in your fireplace this winter 
heating season . . . and save! 


IT WORKS! 

Cool air in tubes aR: 
is heated, expands 

and rises. 

Heated air flows cmn 

into your home AR 
... naturally! 


12 month 'no 
interest’ terms, 
6-mth. trial. 
Lifetime warranty 
on stainless 
steel tubes. 


For FREE information, write: _ 
Thermograte Ent., Inc. Dept. 860-001 
P.O. Box 43021 St. Paul, MN 55164 
SATISFACTION Or CALL TOLL FREE: 1-800-328-0882 


GUARANTEED! © 1980 TEI ST. PAUL, MN 55113. ALL RIGHTS RESERVED. 
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Fabulous Folboting NOW 


Avoid the risks and discomfort of tippy canoes, skimpy — dedi 
kayaks, wobbly inflatable ralis! NOW. you GLIDI 
Securely in perfected Folbot, completel 

SIVE s COMFO! 


Travel Craft at 
BIG SAVINGS 
Easy PREFAB 
Kits from $134 

or cartop 
FACTORY 
BUILT 

from $249 
FOLDING 

from $439 

ideal 

sail Rig 

$229 


Smart 

Economic 

BASIC Kits 
12 foot 
Single $36 
16 foot 
Double $46 
Big Sailer 
16 foot $57 


FREE 


Action Color Catalog 
With Facts & Figures 


For rush inc. $1 
First Class Postage 


Mail coupon or address 


to: FOLBOT CORP. PS180 
Charleston, $. C. 29405 


Oe 


City. 


Zip Code 


The 
clockbuilder’s 


Send today for our New Free Catalog of the 
most magnificent heirloom quality antique 
reproduction clocks you can build. 
Your choice of Grandt Grandmother, wall, mantle, 
desk clocks and mort ilable from plans or PH 
to-assemble kits for all levels of ski solid %4" 
hand-matched hardwoods in walnut, oak, ch or 
duras mahogany. Imported precision movement: 
chimes. Solid brass dials plus tools, hardware, books and 
accessories. You've never seen a finer catalog. You'll never 
build a better clock. 
O Please send me your Free 32 page color Catalog. 
1enciose $1.00 for postage and nandiíng. 


Name 

Addr 

City/State __Zip__ — 
Mason & Sullivan Co. 

Ue Dept. 1315 Osterville, MA 02655 fad 


dein DISCOUNT TRAINS 
Indispensable illustrated discount 
r Joy iain and accessory p, in- 
H Glucing valuable coupons. jundreds of items by Lionel, Life- 
H Like, Gargraves, Williams and more. Discounts up to 5096. 

* H Fe enclose $2.00 (includes postage and handling), 
E H refundable with first order of $25.00 or more tà. 

H = | National Train and Hobby Supply Company 
: : | Dept. 81PS, P.O. Box 41, Flatbush Station 
. E Brooklyn, NY 11226. 

: H " 7j 

: :| Print For Profit <2 
: F | Cards: stationery: envelopes: ad- 

. © | vertising: labels; tickets; QSL cards; 

: 1 | announcements: greeting, sympathy, 

: E | prayer cards, taga; etc, Save money 

s . ma Pri iness. 
: = | Wo suppiy everything direct from 
. Roller guides 1 inch Strip Sander g fco EA ee CaO Also 

losed raised printing ike engraving. a 
: Upper & Lower Completely enclosed $ | {ave nome shop Add 1o income [. 
as : for cai 

: CN 
: 10' Disc Sander : Portable Steam Cleaner 
H H Steam in 60 seconds 
. H CLEAN: 
: H Engines, Air Filters, Lawn Mowers. 
x 3&4 inch DIDI acccccsscon gree guarantee an ana Se we 
: Belt Sander. - A FULL LINE OF RUGGED : Ailary pump required on low water 
pee et seesesseeseneennnn ALL STEEL TOOLS: : POSSUIA > sane: UE; UDA, 
H DU-ER TOOLS — RUGGED | ALL STEEL — 3 24 inch Band Saw 199.95 * PA ies BOO. MNT 3^ etre 
H BALL BEARING — EXTRA VERSATILITY * 12 inch Band Saw 159.95 ; 
TDwers 24 inch Band Saw gives the handyman the — * 10 x 36" Rugged Lat : Spilte 
1 versatility of an industrial tool at a price he can afford, the + — Ball Beari H EASIER TTASTERI THE - 
: ? quality that is demanded by industry. The Band Saw, oneof s 3 inch Belt Sandi : LOG SPLITTER! 
? the best cutting principals for wood, metal or plastic, has — ; — Ball Bearing Only $49.95 plus $3 p. & h, for 
: * been limited in use because of the depth of throat. The — * 4 inch Belt Sander H bI 

1 B-24's Big throat and new drive feature gives longer blade — * Ball Bearing .......... 39.95 : 
$ life, cuts metal, wood or plastic. * 8 inch Tilting Arbor : Free int imped 
? Du-er tools are fabricated of Heavy Gauge Steel, 30 years + Saw 99.95 * self addressed envelope. Good Products, 
E 8L SEW reces estia 
* experience developed new engineering features with = 10 inch Disc Sander : Route 3 Box 88-A PS, Kutztown, Pa. 19530 
1 accuracy, and ball bearings for added quality. Extrafeatures $ — Table Model .. n 
3 created by manufacturing know how makes Du-er tools =$ 4 inch Strip Sander . : 
3 available at exceptionally low prices, yet no quality is £ Deluxe Stand for all : Finds buried gle ver toi 
1 sacrificed. P" TO oeren eenn 39.95! tte wate or all for Wree 
* You can order direct from Factory where there is no Dealer = :| oe 
: : 
HEU ER adu Ere Domator OOS PINE asini "—(—— IR Phone day - night (713) 682-2728 
: DU; ER TOOLS, 5448 Edina Industrial Blvd. Minneapolis, Minn, 55435. Ps1; RELCO, vept.0063 

ain aa 5 E BOX 10839, HOUSTON, TEX. 77018 


ELECTRIFY YOUR BIKE! 


PEDALPOWER exciting new bike 
drive tames tough hills. Be indepen- 
dent. Shop when you want. Fits all 
Bikes, Adult Trikes. Installs in min- 
utes. Thousands sold. Recharges 
overnite. Travels 100 miles for a dime. 
MONEY BACK GUARANTEE. 
Call tol free: 900-257-7955" 
FREE ILLUSTRATED BOOKLET. 
General Engines Co. 
5613 Mantua Blvd. 
Sewell, NJ. 08080 
DEALER INQUIRIES INVITED 
*InN.J., Alaska, or HI, Call Collect: (609)468-0270 


ONLY $650. 
UNBELIEVABLE! 


Introducing the Schober 
Automatic Electronic Organ. 

Two keyboards. 27 push- 
buttons. Four rotary controls. 
Three chord pedals. Eight rhythm 
patterns. An incredible 60 
automatic chords. Plus more 
automatic features and ways to 
combine them for greater musical 
versatility than any instrument of 
its type. You build it yourself from 
our complete kit. So simple, 
anyone can do it. 


ite Sete Oran Oop 06 521 SChober | 


The Schober Organ Corp. Dept. PS-21 
43 West 61st Street, New York, N.Y. 10023 Schober 


Toorderenclose C Check [C Money Order for $650 (N.Y. | 
residents please add tax. Shipping charges C.0.D.) or charge to: 

O Master Charge O Visa Acct.#— —— ~~~ | 
Interbank #____ Expiration: Date — — — —— 

Orcall (212) 586-7552 to order. | 
Name. 

Address | 
City. State. Zip. 

For or additional free information O -] 


MUST LIQUIDATE BRAND NEW 


WELDING KIT 


WELDING/CUTTING SET 


WITH WARRANTY 


This is no lightweight, sissy 
welding set. The TANA welding/ 
cutting combination kit is a high 
quality, professional unit. 

Used by Metal Crafters, Home 
Hobbyists, Home Repairmen, 
Machinery and Auto Repairmen, 
Farmers and Gunsmiths. 


SET INCLUDES: 

+ TORCH HANDLE 

* CUTTING ATTACHMENT 
CUTTING NOZZLE 
WELDING TIP 
MIXER ASSEMBLY 
HEATING TIP WITH ELBOW 
MASTER O2 REGULATOR 
MASTER Os Ha REGULATOR 
15 FT. TWIN HOSE 
WELDING GOGGLES 
NOZZLE CLEANER SET 
WRENCH 
FLINT LIGHTER 
INSTRUCTION MANUAL 


Professionals or Amateurs ac- ARUIDATION PRICE Retail $249. 


quire expertise fast (on-the-job) 


with the Tana operating instruc- [LIQUIDATION PRICE | PR CE 


tions. Many enterprising people 


make big spare time money 
with their own Welding /Cutting 
service! 

Only because of a special pur- 
chase are we able to offer this 
unit for $100.00 LESS THAN 
ITS NORMAL RETAIL VALUE. 
Comes complete with warranty 
(tanks not included). 

Our supply is limited at this liq- 


uidation price, so order yours 
now to be sure of delivery. 


BODY/FRAME REPAIR KIT 


This 27-piece kit, with a RAM SPREADER, repairs dents and creases (even 

in tight places) fast and easily. It's specially designed to push and spread 

metal. This powerful 4-ton hydraulic unit, with a number of time-saving at- 

tachments, makes repair of common collision damage simple. Used by 
emergency vehicles, 
firemen, police, body 
shops, garages and 
home shops. Comes in 
heavy duty carrying 
case. 


Reg. Retail $395.00 
[| LIQUIDATION PRICE | [| LIQUIDATION PRICE | 


or sip. 


M $10.00 for ship, & handling. 


TO ORDER OR TO ASK QUESTIONS 


7 PIECE 
AUTO BODY 
FENDER SET 


2 Bully drop forged alloy sleet 


se 
curve hammer + Pick & finish 
hammer + Utility dolly « Double 
end dolly « Shrinking dolly 

* Curved dolly 


Reg. Retail $79.95 


PHONE TOLL-FREE: 
1-800-854-6528 


MAIL COMPANY LIQUIDATORS, INC. 


1407 COLUMBIA STREET SAN DIEGO, CA 92101 


Enclosed is my check or money order for $. Please ship me 
D) WELDING/CUTTING SET $149.00* 


iow 2 weeks for delivery) 


CALIFORNIA RESIDENTS CALL COLLECT 
O BODY FRAME REPAIR KIT $139.00* 
O 7 PC. AUTO BODY FENDER SET $29.95 (add $5.00 shipping & handling). 


MAIL COMPANY SE te E eee 
LI UIDATORS, Please charge my Master Charge [C] Visa [ ] Caifitornia residents add 6% sales tax 
INC. Account = EXP. DATE. 


AUTHURIZED LIQUIDATORS of Bankruplcy 
Merchandise and Manufacturers’ Overproduction 
1407 COLUMBIA ST.. SAN DIEGO. CA 92101 ois 
(714) 239-3481 City. 


Name 


1 AUTOMOBILES 


AUTOMOTVE RUST prevention for 
New and used cars, $3.00. P.O. Box 
14747, Cincinnati, OH 45214. 

IACLE CARBURETOR Vaporizes 
100+ MPG. Drawings, Details 
$8.00. Money Back Guarantee, Carbu, 
Route 1A, Hitchcock, SD 57348. 

ALCOHOL FUEL LEGALLY. Run ca 
or furnace, 30c gallon. Plans, instruc- 
tions $3.00 (Refundable). Geans, Box 
98-S, Payson, UT 84651. 


on AUTOMATIC 
EE 


SERVICE, GUIDE, GEARS, INC., P. 
Box 15183. iderdale, 1 33318: 

PROPANE CONVERSION Questions 
— ANSWERS $5.00. Box 411, Monte- 
sano, WA 98563. 

ALCOHOL — Complete Mash Recipes, 
Still plans and detailed do it yourself 
information on converting your auto to 
run on both alcohol or gasoline. Send 
$5.00 to: Alcohol, P. O. Box 907, Los 
Banos, CA 93035. 

CATALYTIC CONVERTER ruined by 
leaded gas? Need, replacement? No! 

ore using readily available chemi- 
for instructions with tech- 
nical references. L & N Research, P. O. 
Box 254, Ci ‘CT 06019. 
(GAL Alcohol Fuel 45c/Gallon! 
Solar/Conventional still plans. Mash 
formulae. Operate car, home. $10.00— 
RDA, Box 873, Concord, NC 28025. 

LECTRICKAR —Convert VW's, Fiats 
to Electric 50 MPH. Plans $25.00. 
Information $1.00. Robert Bucy, Box 
28194, TX 75228. 

“~NEW CAR FREE YEARLY! Workable 
SECRET method. FREE ‘Information. 
Supercar, Box 28101-L, St, Louis, MO 
03119 - 

^. DON'T GET RIPPED OFF, tricked or 
double talked by new or used car 
salesmen or service departments, Get 
your money's worth, better deals and 
Service. For your copy send $3.25 to: 
Solutions, Box 308, Brockport, NY 
14420. 

GASOLINE MILEAGE IN 
DRAMATICALLY! Details FREE! Toll- 
free recording, 1-800-446-8289 any- 
time, Techneering, Box 12191C, Nor- 
folk, VA 23502. 

GASAVER 
8 marketed 


Box 15474, 
HEADLIGHTS ON 


OH NO BATTERY DEAD 


LightAlarm, BUZZES REMINDER WHEN 
HEADLIGHTS ON- IGNITION OFF. SIMPLE 
TO INSTALL. GUARANTEED. IDEAL GIFT. 
send $12.95ppd WRH SYSTEMS 
P.O. Box 6608 
DENVER, CO. 80206 


INCREASED 


wings and information 
tems $4.95. Milemaster, 
City, MÓ 64106. 


PROPANE Conversion, cars, trucks - Return to 
gasoline anytime while driving. Uses ordinary 
„refillable cylinders. No engine modifications. 
COMPLETELY PROVEN, TESTED - THIS 
SYSTEM WORKS! No oddball surplus parts! 
Uses inexpensive LOCALLY available compo- 
nents. Build system yourself, for $50, in two 
days with ordinary hand tools. Satisfaction 
ABSOLUTELY GUARANTEED or money IM- 
MEDIATELY refunded. For plans, drawings, 
RUSHED First Class, send $10.00. Fleming 
Engineering, Dept. PS5, Remsen, NY 13438 
PORTABLE GASOGEN GENERATION SYSTEM 
Build this system and obtain Gasogen fuel from 
WOOD! Uses NEGATIVE COMBUSTION to run 
stationary engines or vehicles. Gaseous fuel at a 
fraction of the cost of gasoline! 
Thousands built during two World 
Wars, using simple parts and tools, 
with io enjrered caos neces- 


sary. COMPLETE PLANS including 
Gasogen purification details: $7.95. 
.C.E. MARKETING Dept PS1 
Box 358 Station 


Toronto, Ontario M6P 339 
2 AUTO SUPPLIES 
EQUIPMENT 


SNO-BLOKTN — Finally, 
that makes installing snow 
easy! Money back guarantee, $12.95 
(Calif. res. add 78c tax). SNO-BLOK 
INC. DEPT. PS, 17981-G SKY PARK 
CIRCLE, CA 9271 

ALTERNATOR Generator Rebuilding 
Book. Details: Hedelund Engineering, 
1805, Barkentine, Las Vegas, NV 


* device 
chains 


CLASSIFIED ADS $5.50 per word, per insertion. Minimum 
10 words. Payment with order, or charge to your Visa or 
Master Charge. First word in bold capital letters, rest of 
ad upper & lower case. Other bold cap words, $1 per 
word extra. Bold headline or white space, $22 per line. 
CLASSIFIED-DISPLAY $300 per inch, per month. Adver- 
tisers using a P.O. Box number must furnish complete 
name and street address for our records. 


CLOSING DATE for March issue (on Sale February 14) 
is December 26. Send orders to Mary C. Ansbro, Classi- 
fied Adv. Mgr., Popular Science, 380 Madison Avenue, 


New York, NY 10017. 


a 


AUTOMOTIVE Tools & Equipment 
Nationally Advertised Brands at Dis- 
counted Prices for Mechanic: 
‘Stamped Envelope for Current Specials. 
Associated Distributors, 401 Augusta 
Street, Cincinnati, OH 45202. 


GUARANTEE 


for motoreye 
cara und trucks 

Detailed Information. 

and Iltustration Free. 


JACOBSEN MrG. 
Tue nousanavirs’ SEATTLE, WASGIB, 
SENSITIVE! ACCURATE. SIMPLE TO USI 


3 AUTO TRAILERS & 
CAMPERS 


R-V KITS — PLANS — PATTERNS 
— Campers — Trailers — Fifth 
Wheels — Vans — Covers — Motor- 
home. Simple construction, Save! 
RV kits / Equipment catalog $ 
GLEN-L R-V's, 9152.PS Rosecran: 
Bellflower, CA $0706. 


4 MOTORCYCLES, 
BICYCLES & SUPPLIES 


MINI VEHICLES PLANS 
A, Chazy, N.Y, 12921 


5 AVIATION 


an JET MELICOP- 
inexpensive. Detailed Plans, 
Drawings—-$7.00. HELICOPTER EX- 
PERIMENTER’S HANDBOOK — $4.01 
Both — $10.00. Helicraft. Box 3053- 
A, Redondo Beach, CA 90277. 


AIRBOAT Propellers, Hubs, Engines, 
Mounts, Catalog $2.00. Airboats, In- 
corporated, 3855 Miller Ave. Ft. 


Worth, TX 76119. 


SPORTSPLANES, MINI-HELICOPTERS. 
MOTORIZED-HANGGLIDERS. Plans /Kits/ 
Complete. Many types. Caf 
LFP, Dept. C, Box i982 
TX 77024, 

BOOMERANGS - INCREDIBLE 
TURNI Exciting sport. Order Free 
log — Amazing designs! Boomerang- 
Man, 312 Park, Monroe, LA 71201 


WEEDHOPPER—ULTIMATE FUN MACHINI 


No licenses re- 
quired on plane 
or pilot; 40 hour 
construction time; 
complete kit $2695; 
carries 220 Ib up to 50 
mph! Send $5.00 for info-pak to: 


WEEDHOPPER OF UTAH, INC. 
Dept. PS1, Box 2253, Ogden, UT 84404 


5A HOVERCRAFT 


HOVERCRAFT Plans. Catalog $1.00. 
sors 


Universal Hovercraft, 
dova, IL 6124 


HOVERCRAFT Plans, Ki 
formation. Fan-Tastic, "Box 
ton. WA 98055. 


AERO-CAR Amazing Hoverci 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man 
Flies over land /snow /water. 
plete plans and booklet. $7.95. Aero- 
Projects, Box 5118PS, Clinton, NJ 


6 ASTRONAUTICS 


ANTIGRAVITY Propulsion Device. 
Free Brochure, RDA, Box 873-N, Con- 
cord, NC 28025 


“JOIN Spacer's Correspondence Club. 
$1.00 for Processing. Stilson Sec- 
Trias; 914 N. Mozart St, Chicago, IL 


7 BOATS, INBOARD & 
OUTBOARD MOTORS 


——9AS SAVER DORY SKIFFS— — 

Free Plan "Gloucester Gull" Row- 
ing Dory With Brochure/Photos 50 
Plans 15/45 Ft. Power & Sail Only 
$1.00. Alr Mail $2.00. Texas Dory, 
Box 720, Galveston, TX 77553. 


Box 281, 


9 ELECTRICAL 
SUPPLIES & EQUIPMENT 
CARICORD tangle-free st 


tension cord. $16.99. Robert: 
A Call Street, Pico-Ri CA. 


e ex- 
9432- 
90660. 


" AUTO ALTERNATOR 
TECHNOLOGY HANDBOOK 


y Alternators Locally for $ 

'20V or 440V or Run 400cyc 

Regs or Build Simple 

or 0-120¥ 100A 

power plants. Also Detailed Data &- Steps for 
Rewinding and Core Modificati ly using 

© simple tools! Theory. Plus many Efficiency In 
crease Hookups, Schematics elc. to Fully utilize 
Engine, Water and Wind Energy Ws NO 

t $5.00 PPO Ist CI itt 


ESScoa's Pubs. Ref. P. E. 
BOX 2004, MT. Vernon, N.Y. 10050 


* nowy 
less! Obtain 
plus Equip. Use Au 


© Adjustable IC Electronic Reg 


DOGERCONOHCCTE RERO 


11 DO-IT-YOURSELF 


LOG SPLITTER, hydraulic, hand 
operated, under $100. Plans’ $5.00. 
Bullington, — R.D.#1, '448CA6, 
Lewistown, PA 11044. 


Box 


"s tool for in- 
(molly bolts) 
$6.98 pp com. 
instructions. Scandia Me- 

5th Avenue South, 


" wall-fasteners 
smoothly every time. 
plete with 


HOW TO SUCCESSFULLY RE- 
MODEL YOUR KITCHEN ON A SHOE- 
STRING—WITHOUT ULCERS. Drum- 
mex, Box 322-PSJ, West Hartford, CT 


PROJECTION TV . . , convert your 


TV to project 7 Foot picture . . 
Results equal to $2,500 projector .'. 
Total cost less than $20.00. PLANS '& 
LENS $16.00. Illustrated information 
FREE. Macrocomad, Washington Cro: 
in, PA 18977, 


UNIQUE WOODEN ROCKING HORSE 
PLANS. Trace, Cut & Assemble, Plans 


BOAT, MITS—22. Trallerable 
els—POWER and SAIL - 16” - 30°, 
Molded fiberglass hulls and decks come 
factory assembled - you install factory 
supplied interior. Save half factory- 
built cost. No experience required. 
FREE log, Luger, „Dept. | AC-80, 
3800 West Highway" 13, Burnsville, 
MN 55337. (612) 890-3000 


280 PLANS. patterns, kits. Catalogs: 
Powerboat, $2. do. ‘Sailboat, $1.00. Ma- 


rinecraft, Box 161-P, Brighton, MA 
C110 a 
EVINRUDE 1979 Bargains . . all 


sizes . . $1.00 handling . .'Scott- 
McCulloch parts . . Electra Marine, 610 
Merrick Road, Lynbs Y 
FIBERGLASS 
glass - epoxies - mat 5 
prices - Catalogue $2.00 - 
"Complete ^ Fiberglassing" 
16-S-1 Aqui 


CLARKCRAFT. - lane - 


TKITS 'TTERNS 

FRAMEKITS - 300 modern designs in 
plywood - fiberglass - steel - complete 
= instructions. POWERBOATS - in- 
boards - outboards - cruisers - sport- 


fishers - runabouts - hydroplanes. 
SAILBOATS - prams - daysailers - 
frailersailers < motorsailers. KAYAK - 
c zauCOmlete line" fiberglass 


builders materials - Catalogue = 31.00 
(with | Boatbuilding Guide - $200). 
CLARKCRAFT - 16-S Aquslane, Tona- 
wanda, NY 14150. 


BOAT PLANS — FRAME KITS — PATTERNS — 
HUGE 140-page catalog! Powerboats — Sailboats — 
Outboards — Jets — Rowboats — Houseboats — 
Runabouts — Dories — Workboats — Racing Boats 
— In plywood — Cold Molded — Wood/Epoxy — 
Fiberglass — 8' to 49 '. Lowest cost, highest quality 
{for 27 years. Easy, proven methods include instruc- 
tions especially for amateurs. No lofting! "BOAT 
BUILDING SUPPLIES" — Fastenings — Fiberglass — 
Resins — Glues — Equipment — Spars — Books — 
Boat Trailer Plans. Send $2.00 for catalog plus FREE 
"BOATBUILDING SUPPLIES" brochure. "INBOARD 
MARINE HARDWARE" catalog also $2.00. 
 GLEN-L Marine 


"uu 


= $5.00, Peterson's, Box 176, Ameri- 
can Fork, UT 84003. 

POWER, refrigeration, air condi- 
tioning from si to parts. 


e 
Plans $5.00. Tinker, P. O. Box 565, 
Big Pine Key, FL 33043. 


SECRETS OF THE 200 MPG CARBU- 
RETORI Patent Drawings and Instruc- 
tions $10.25—Money back Guarantee. 
Bill Winsett, 4695 South 4672 West, 
Granger, UT 84120. 


MAKE "Arriba", Lifts ceiling Sheet- 


rock. Plans $6.00 refundable, Shin's 
Boutiques, 922 Talmadge, ^ Corpus 
Christi, TX 78418. 

MAKE Your Own 14th Century 


BATTLE-AXES, Send For Plans $3.00. | 
irai P. O- Box 50217, Cicero, IL 


CALIFORNIA MOT, TUBS,- Bulld for 
$150, Also pumps, Sitera, heaters, by- 
roji ior prices. Complete 
blueprints, instruction manual - $ 
Tubs, Box 225114, Robbinsdale, MN 


LASER Handbook, or ENERGY 
Handbook - $3.00 each. Famco, Box 
1902, Rochester, NH 03867 


CONVERT Auto to Hydrogen opera. 


tion! Generate hydrogen fuel. Plans 
and Instructions - $10.00. RDA, P.O. 
Box 873, Concord, NC 28025. 


ELECTROPLATING, Complete Text. 
book. All Metals, Electroplate Metal- 
lic/Nonmetallic Items, $9.95, Details 
Free. Tropie, Box 95P, Palm Bay, FL 


WATERBED PLANS! Plus Catalog. 
$3.25. Oasis, Box #8065, Colorado 
Springs, CO 80917. 

FREE Heat, Electricity. 24 Plan 


Collection, Storage Sun, Wind. All only 
$4.99. Guaranteed, Centhree, Concord, 


44 . 
dated Energy Consultants, Spark 
21152. 


WATERBED — Build for under 
$30.00. Plans $3.00. BDC Publica- 
tions, Box 758-1, Glendora, CA 91740. 


SATELLITE TV 


FOR THE HOME 


—3 WAYS TO G0— 


* Buy complete—our 24-channel 
tunable receiver, LNA and feed, only 
$1,600. Works 

FCC licensing no longer required. 
+ Assemble—our kit, all parts includ- 
ed, 2-day project. 
* Construct—trom our new step-by- 
Step plans—SAVE! | 

Complete detalis covered in our 

Home Earth Station manual. Send 

$7.95 today (refundable against any 

purchase), or call our 24hr. C.O.D. 

Hotline: (305) 869-4283. | 

SPACECOAST RESEARCH 
P.O. Box 442, Dept. 0, Atamonta Springs, FL 32701 


| FANTASTIC 
|. SCIENCE PLANS 


Low-Cost/One-man Hovercraft, . 
Solid-State Laser, ............ 
Easy-to-Build Jet Engine. 

Stereo-controled Laser Show. . . 
Methane Fuel Generator, ,.......... 14 
Convert Auto to Hydrogen/Methane. 
Generate Hydrogen Fuel 
Electronic Robot. . 
Visible-Red He-Ne Laser. 
Radiation Survey Meter. . 
MHDElectrical Generator. 
25KV Tesla Coil. 
EXCLUSIVE MONEY- BACK GUARANTEE 


CATALOG. ....... exse OI 


RESEARCH & DEVELOPMENT 
Route 2, Box 322-A 


Kannapolis, N. C. 28081 


Ei 


EHE 
888888888888 


ld 
" ing—$2.75 each 
INVISIBLE FORCE 
FIELD—$2.00. MOON 
MAN ROBOT E 00 
SOUND LASER 

ASER COMMUNICATIONS 
AGNETISM and its el 
stem 
‘atalog of super Science Projects—75¢. 
JANTED: SCIENTIFIC PLANS! 

JACK FORD SCIENCE PROJECTS 

PO Box 948A, Duluth, GA 30136 


SCIENTIFIC SYSTEMS INC., 
ow at last offers in kit or completed form 
uch unique products as; Nightime vision de. 
ices, super sensitive directional mikes, lo 
nd high powered lasers, micro-mini-voice 
ransmitters, ultra sonic devices, super high 
oltage generators, intrusion and sensing de 
ices, scientific personal protection items, 
nd many other hard to find products. Send 
1.00 for catalog: SCIENTIFIC SYSTEMS INC. 
ept. $1, Box 716 Amherst, NH 03031 


orgy Service ` 
MA Hughey St., Nashua, NH 03080 - 


D.C. GEARED CRANKING MOTORS. 30-36 
VOLTS D.C. NEW. Up to 20 Horse Power and 
200 foot pounds torque. Power winches, cars, 
Heavy Duty drives etc. $120.00 each plus freight. 

Gas Turbines G.P.U., Airesearch G.T.P. 
70-10, 100 Horse Power 100 Ibs. $500.00 each 
plus freight. 


Alpine Equipment Co. 
466 S. River St. 
Hackensack, N.J. 07601 
34 LASERS UNLIMITED 
© CONSTRUCTION PLANS — with al 
parts sources. 
Ruby Laser Ray Gun. ..... $15.00 
40W Burning CW CO» Laser "10.00 
Argon Multi-color Lager 10.00 
Dye Tunable Color Laser 10.00 
Helium Neon Visible Red Laser 700 


Solid Slate Laser Rifle 7 
100 KW Nitrogen UV Laser 7.00 
Beginners Pocket Visible Laser 500 
Laser Light Show Plans .-........ 900 
* COMPLETE ITEMIZED LIST of ali 
laser companies with addresses, phone 
numbers, spec sheets 
* LISTING OF BOOKS, LASER COURSES, DATA 


SHEETS, INFO PACKS, NEW DEVELOP. 
MENTS. GOV'T INFO WEAPONS, ec. 500 
LASERS UNLIMITED 


Dept. L1, Box 716 
Amherst, NH 03031 


GREAT SAUSAGE RECIPES 
AND MEAT CURING 
227 page Illustrated book explains 
sausage making plus home curing 
an 'of meat, towl and fish, 

er T0 recipes. Free ‘equipment and 
supply g has more information. 
ET YOURS. SEND TO: 
The SAUSAGE MAKER Dept. AC-1 
1067 Grant St. Bfío, N.Y. 14207 
ATTN: Gas Applian Appliance & Fireplace 
Owners Pilot light cleaning drill kit for 
cleaning gas Offices. Pencil size kit 
comes w/12 sizes bits for cleaning all 
types of pilot light openings. Includes 
chuck & container for drill bits—carry i in 
pocket like a pencil. Can be used over 
& over. Money back guarantee. $9.95 


plus 50¢ handing to 


DRAIN » IRRIGATE 
CIRCULATE * SPRAY 


Heavy-duty rustproof ball. 

bearing pump. Stainiess 

shaft. 1 HP 1200GPH 60° high 

lor 3000 GPH 25'well,5200GPH max. 114” in. 

“out. Belt or direct drive. Use % HP or larger. 
‘Adds2patge& nding $19,95| 


er dierent Sth a 


drawings! Only $5.00! 


Secrets of Lead-Acid Batteries: How, 
what & why of manufacture, operation & 
failure. How to test and rate. Includes. 


1979 Solar Patents $5.00 — 

crets now $3.00 — Run Three Phase 
tors on Single Phase $3.00 — Savonius 
Rotor Manual only $4.00! 


tillation, foundry, lathes, m methanol, sieam 
engines, refrigeration, small business, 

ing. blacksmithing, hydraulics, and more! 
Your hottest new source of rare info! Write! 


LINDSAY, Box 12-AF, Bradley IL 60915 


12 HOME CRAFTSMAN 


'OFIT By Owning Your Own Home. 
Build with half the normal investment 
and reduce mortgage payments, De- 
tailed instructions. Send $12.50 
How Industries, P. O. Box 778, Salida, 
CO 81201. 


BIS-PAGE Catalog of Industrial 
Quality Products for home ... work: 

op. $3.00. GNG, Box 42550, San 
Francisco, CÀ 94142. 


CREATIVE Fun Building Child's Safe. 
Changeable Combination. Instruction 
$4.00. Child, Box 166, Turlock, CA 
95380. 


WOOD! 40 Varieties Hardwoods! 
4000 Items - Woodshop Tools, Sup- 
plies, Kits, Hardware. 152 Page 50th 
Anniversary catalog. 50c. Craftsman, 
Dept. BX-10, 1735 Cortland Ct., Adi 
son, IL 60101. 


“GETTING Started in Stained Glass" 
50c. Whittemore, Box 2065X, Hanover, 
MA 02339. 

1600 CATALOGS listed and de- 


scribed. Sources for everything imagin- 
$3.00. MASTERLOG, Box 879 


BUILD TABLE 
AND CHAIRS FOR 
YOUR CHILDREN 
You can even scale these plans 
up to Adult size. 
PLANS: 


TABLE (only) $3.00 
CHAIRS (only) $4.00 
BOTH (t 

JJ enne $5.00 


PASS, PO Box 2108, Melbourne, FL 32901 


OLD-FASHIONED 
ROLL-TOP DESK 
FULL-SIZE PROFESSIONAL PLANS 


At last! Plans for 
authentic Roll Top 
Desk. Easy to use. 
2139 Double Pedestai 
Desk, 30° x 52° x 30” 
high. #140 Roli Top 
Unit adds 14” to het, 
Both single and 
double curve end 
panels on drawing. 
EACH plan $7 or $14 
for both, Mailed Ist 
Class ppd. SATIS. 
FACTION GUARANTEED! 
FREE WITH ORDER—Catalog of 150 full-size 
plans, Early Amer., Medit. Spanish, Modern, English 
furniture. CATALOG ONLY—$1.00, relundable. 


FURNITURE DESIGNS Dept. SD-10 
1425 Sherman Evanston, Illinois 60201 


12A FOR THE HOME 


PATENTED PICKPROOF LOCK foils 
burglars. Details: Gunther, RD 1, Box 
2, New Berlin NY 13411 


SAFETY SIREN . FLASHLIGH 
Home and Auto Necessity. Siren 
Strength, 1 Mile. 8" Long, Uses "C" 
Batteries (not included). $5.98, Satis. 
faction Guaranteed. Free Catalog, M&S 
Distributor, 134 East Madison, Pendle- 
ton, IN 46064, 


13 TOOLS & MACHINERY 


TACHOMETERS 
laboratory. 

mounted, coni 
stroboscopic, 

$155.00 up. 
from: Marx, 
GR" 44185." or phone 219-731-1017. 


BANDSAW BLADES. Any Size. Free 
Pricelist. Bandsaws, 8921hy49, Sonora. 
CA 95310. 


DRILLING chart combines 160 inch, 
number, letter, and metric sizes by 
nearest’ 0.0001”. Range 0.0135” thru 
0.511 For engineers, draftsmen, 
toolmakers, machinists." $1.00 to: 
Marx, Box 23033. oH 
44123. 


SMALL FOUNDRY Furnace, Supplies 
Free Literature. Pyramid ' Products. 
Dept. M. 3736 South 7th Avenue, 
Phoenix, AZ 85041. 


MACHINEX Unimat—Mi 
Sherline Lathes, Mills. Cataloi 

Shop Supplies $1.00. Campbell, 
Barclay, Springfield, OH 45505. 


4" METAL Cutting Lathe $68.90. 
Taig, 15048 Proctor, industry, CA 
46. 


for industry and 
ind-held. machine- 
ting, photo-reflective, 
nalog, digital types. 


Cleveland, 


imat— 
$1.00. 
1424 


IK 1 
P.0. Box 6308-PS1, Marietta, Ga. 30065 


HEAVY-DUTY CANVAS TOOL BAG 


Side pockets with snaps, 
Web bandi 


P. 0. Bo» Dept: 
TOOL BAGS Coal ‘city, IL 60416 
Outside Continental U.S.A. Add $2.00 


15A ENERGY SAVING 


EXTERIOR insulated storm shutters. 


Block cold ther away from your 
windows! Attractive design. Illustrated 
plans. $3 Brklacich, 1189 Es 


fondido, Vista, CA 92083. 
SOLAR Collectors, Still. Conder 
Heat Exchangers, New AC Condensers 
1/6 Price — $14.80; 4 - 
10 - $11.00 each. (214) 
P. O. Box 922, Palestine, TX 15801. 
101 ENERGY SAVING 33 
MCM Communications, 331 Jack Col 
man Drive, Huntsville AL 3580 


Send 25c. 


Products for your home. 
161, 


Energy „Shack, Box 7305. Dept. 
Flint, MI 
EARTH SHELTER DIGEST — 

magarine devoted solely to earth whois 
tered housing. Contains articles, photos 
and plans for various types of under- 
ground homes. 33,00. 
est 


SLASH SHOWER WASTE 50 - 70 

AUTOMATIC ‘regulator saves water 
fuel, $5.00 ppd, Eco-Flow. Dept. 
. IL 60559. 


THERMOSTAT SET-BACK TIMER for 


less than $8. Details $2.50. Forest 
Energy Consultants, Box 189, Oak 
Forest. IL 60452 


INSULATING WINDOWS 
CUSTOM Made Lightweight, Quality 
Materials, 2.75 Sq. Ft. Bi 
Samples.’ MacBrud Corp. 
Dixie, Miami, FL 3314 


"EARTH SHI 
efficient, low maintenance, blueprints 
available. Details free. Underground 
Homes, P.O. Box 1346-8, Portsmouth, 


OH aala morrem 

SAVE ON HEATING COST—Sce P. 
October. Easy to Make Thermostat 
Control Under $5.00. Plans $3.50. 
Joyce, P.O. Box 41454, Chicago, iL 


T WOOD you like all the material you can uset 
Mor your fireplace and hobbies? My color! 
‘brochure shows you the story of “THEI 
1 JUDGES BENCH" now used as an entertain- | 
{ment center, accented with beautiful panel- | 
p ing. It shows planter boxes and patio furni- | 
ture we've made. Learn the sources we use 
1 that are available to everyone! For informa- ! 
Itin send $3.00 to: I 
Dan Thompson ! 
4 5094 University Drive l 
! Santa Barbara Calif. 93111 ! 
I Why pay for wood? I don't! I 


NEW Energy Efficient Make-up Air Control Unit. 
For forced warm air furnaces * Improves furnace 
efficiency * Reduces cold winter drafts * Espe- 
cially important for homes with heavy insulation 
* Uses no electricity * Easy to install * Send 
$1.00 (refundable with first order) for illustrated 
brochure, or, send $52.95 for #204 for heating 
systems up to 150,000 BTU: $54.95 for #206, 
systems over 150.000 BTU, plus $2.00 shipping 
and handing to: 
Kamco Distributing 
4981 Iroquois 


Clarkston, Michigan 48016 


15B ALTERNATE ENERGY 


ELECTRIC BILLS TOO HIGH? There 
are no miracles or "something for 
nothing" but unless you change or 
supplement your source they may sky- 
rocket! For the cost of a new car you 
can have a DAKOTA WIND-ELEC- 
TRIC system. 3 to 10KW. Dealerships. 
Details $5. Kirchner-LEC, 131 Beaver 
Ave., Colorado Springs, CO 809 


DARRIEUS — Windturbine System 
Generates 3Kw Electricity! Most Ad- 
vanced Concept in Wind Com- 


lete Plans: $7.95. Glenval 
358f Station D, Toronto Ontario MOP 


fan & thermostat, Ea: 
struction, $: : „R. Dose, 
Route, Pinehurst, ID 83650. 


SAVE WITH SOLAR 

BOOKS That Show You How to Re- 

duce Your Fuel and Electric Bills. Send 

for Free Brochure. SOLAR, 104 Arling- 
St. NY 1178 


AMAZING Forced Air Wood Heal 
Supplement Your Furnace or Use 
Alone. Fiberglass Storage Tanks 100 to 
8,000 Gallons. Write: Box 3, Rockton, 
IL 61072. 


ENERGY INTEGRATION - Book on 

Alcohol, Methane, Electricity, & Solar 

stems for homesite energy produc- 

fon’ 432,00. AlEnSy, Rt. 2, Box 43, 
os, TX 18666. 


NYDNUURCEGTHIG POWER from 
creek or spring. Inexpensive complete 
unit, Details $2.00 to: Western Ener- 
gy independence, 24525-P Lilac Dr., 


Willits, CA 95490. 
MIRACLE POWER 
MEAT your home, water and food. 


Enjoy television, 6,000 watts free elec- 
tricity 3 hours a day. Edward Johnson, 
3002 Antelope, Box 63, Corpus Christi, 
TX 18408. 

ENERGY ENGINEERING HANDBOOK 
teaches the iples of energy tech- 
nology, 210 bound. $12.95. Box 
1547, San Luis Obispo, CA 93406. 


BUILD YOUR OWN SOLAR EQUIP- 
MENT. Plans, | Instructions, 
Lists. Air Collector 
Domestic Hot ‘Water System - $4.00. 
Solar Window Room Heater - $4.00. 
Cardinal Solar —RD-1s,  Schuylkili 
Haven, PA 17972. 


HYDROGEN - Electrolysis Generator 
Plans, $10.00. L. Spicer, Linevillo, IA 


QUIT PAYING ELECTRIC BILLS 
& save on your heating bilis, too! 

New Patented Invention Now Available to Con- 

‘sumers in Kit Form with Easy To Follow Instruc- 

tions. It's a Furnace that produces electric with 

no fuel cost. Low Cost, Automatic, It Pays for 

Itself Many Times Over. Throw that electric 

meter away. Interested? Send $6 lor Information 

fetus) NOW to: The Lavery Energy 
4 South Mt. Vernon Ave., Union- 

town PA 15401. YOU can pay us once or the 

power company forever. 


ENERGY BOOKS 
AT LAST! All significant books on SOLAR 
energy AVAILABLE BY MAIL. Also WOOD 
heating, WIND & WATER power, METH- 
ANE and more. Send for 3rd edition catalog 
with book descriptions and conversion 
tables, LIS $1.00 REFUNDABLE. ENERGY 


BOOKSTORES, Dept. Ps. 14922 
Hawk Dr., Paimdale, CA 93: 


KALWALL'S SOLAR 
HEATING CATALOG 
Full line of solar heatin 
nents, including Sun-Lite® glazing 
and tubes. Order all materials from 
one source. Send $2.00 for catalog. 
Solar Components 
Dept. P, P.O. Box 237 
Manchester, NH 03105 


BE YOUR OWN POWER COMPANY 
Learn how to use solar, thermopile, wind, 
water and other electric generators with 
new 12 volt technology. Even powers 
120V-AC appliances. Includes home 
emergency system plan to cope with 

ler failures-brown-outs. Send for your 
illustrated 3 book set THE WILDER- 
HOME POWERSYSTEM. Enclose 
$14.95 Ppd. to Jim Cullen, Dept. P, 
Box 732 (45501 Highway 101 N.) Lay- 
tonville, Ca. 95454 Visa/MC okay (707) 
984-6186 Allow 4 wks del. 


15C HOME HEATING 
FUEL SAVERS 


FANTASTIC HOME FUEL 
SAVINGS TO 35%! 
For gas/oil furnaces. Low cost, easi 
devices. Fail safe! Thousands in use. 


chimney when burner is off E-Z Build 
Ene MM a es 


17 BURGLAR/FIRE ALARMS 


WARNING 


TEC 


ELECTRONIC 


me TOMATI A 
ALARM SYSTEM 


How to Keep Burglars [3 
BURGLAR ALARM STICKER . - 
Los Td 
E ASH 
[oc Ec pem 


against burglars, 
With ‘these stickers. 


Windows, "walls. ete. Each set. consists 
of 4 front adhesive style for inside of 
Blass doors and windows facing out, $ 
Back adhesive style for use on solid 
doors and other opaque surfaces. Color 
of background is green. with yellow det- 
fering. Size: 134° X 33”. Made of vinyl. 
Borglars you have an alarm sys: 
tem: 12 for $3.00, 24 for $8.00. 

DGEWI Usk 


Vernon. Box 387PS, 


IE Complete Fish Fossil, with 
display stand. Money Back Guarantee, 
Approximate 2" x 214—$14.95 

D $2.05 postage and handling EACH 
FoSsiL INDIVIDUALLY QUARRIED. 
DyMar Enterprises, Dept. PS180, 410 
East Hansen, Box’ 1204, Jackson, WY 


22A WOODCARVING 


CARVER'S WORKBENCH PLANS. 
Send $7.50. Woodcarver, 1005-A Du- 
pont, Bellingham, WA 98225. 


23 MINERALS & 
PRECIOUS STONES 
AUTOMATIC Goldpanner. Pan for 
gold the easy way. Goldhound, 4078 
Lincoln Blvd., na del Rey, CA 


90291. (213) 822-2252. 


25 FORMULAS, PLANS 


20,000 MONEYMAKING Formulas 
Avallable - Bargains! Catalog/Manufac- 
turing Secrets $2.00 (Refundable): 
GWA6, Box 193, Brookfield. WI 53005. 

LASER Plans—$2.25. Ethan Rogers, 
Box 572, Oakland, IL 6i943. 


AMAZING ELECTRONIC 
“sw PRODUCTS s~ 


LASERS SUPER POWERED, BURNING, CUTTING, RIF- 
LE, PISTOL, POCKET - SEE IN DARK - SHOTGUN DIR. 
ECTIONAL MIKE - UNSCRAMBLERS- GIANT TESLA-S- 
TUNWAND-TV DISRUPTER -ENERGY PRODUCING, SU. 
RVEILLANCE, DETECTION, ELECTRIFYING, CHEMIC- 
AL. ULTRASONIC. CB, AERO, AUTO AND MECH DEVI. 
CES, HUNDREDS MORE - ALL NEW PLUS INFO UNLT- 


DPARTSSERVICE. INFORMATION unlimited. 


CATALOGS! Dept. PB, Bex 716, Amber, NH 03031, 


27 PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, 
coating, fiberglassing; in industry, lab- 
oratories, craft work. Reproduce’ your 
designs with our mold materials. Profit- 
ble. Illustrated Catalog $1.00. Casto. 


e, Dept. 80A/PS, Box 391, Wood. 
stock, IL 60098. 
29 LOG CABIN & 


HOME BUILDING 


1184 SQ. f. FLOOR SPACE: S200 


Purchase the material locally, and build tis beau: 


tiful "A" FRAME CABIN. lans, illus. 
trated instruction manual and material list: ALL 
FOR $5.00 on a MONEYBACK GUARANTEE. Send 
$5.00 for plan. 


plan $145 to : 
DEPENDABLE PRODUCTS CO. 
0, box 1645, Vista, Calif, 92083. 


32 REAL ESTATE 


NEW! FREE! Big Spring Catalog! 
Over 5,400 country properties de- 

scribed,” pictured! Land, ms, 
Homes, Businesses, Recreation, Retire- 
ment "buys! Selected best ° thruout 
the U.S. Over 700 offices, 43 states 
All Across America! Yours FREE from 
the World's Largest! STROUT REALTY, 
Inc. 7 S. Dearborn, Dept. 5810, 
Chicago, IL 60603. 


HENLEY'S 
20th Century Book of 
10,000 Recipes, For. 

mulas & Processes 

(Latest Edition] 

is a wealth of prac 


TEN 


"nr 
we, 


Won that can save you 
thousands, or make vou 
fortune! Housewives, man. 
facturers, farmers, handy. 


ai, tn this gold mine of a book, you too wil 
ind formulas and recipes for almost everything. 
used in the home, 


hoary. Satstocton guaranteed 
br 
Beaters Inquirer invited 
EMBASSY SALES Dept. PS-36 
Box 67, East Elmhurst, N.Y. 11369 


26 SCIENCE & CHEMISTRY 


NEW  200-page 1979-80 catalog 
listing thousands of chemicals, glass- 
lab equipment. Send $2.00 
Scientific, 1665 Buffalo 
Kond. Rochester, NY 14624. 


NEGA) GENERATORS. ( 
cinating ls - $1.00.) Golden 
Enterprises, Box 1282-PS, Glendale, 
AZ 85311. 


COLORADO TAX SALES—Get the 
straight facts, Only $4.98. McDermott, 


23rd St, Grand Junction, 


"c NEW. - 
SPRING' CATALOG! “Over 2.700" Top 
Values Coast to Coast! UNITED FARM 
AGENCY, 612-PS West 47th, Kansas 


42,000,000 
ernment land available low 
per acre. Campsites, farms, homesites. 
Fabulous business opportunities. Latest 
report! Send $2.00. Satisfaction Guar- 
auteed. American Land Disposal, Box 
Holland, a 49423 


oa ‘OR! 
downs $29 monthly. 
North Hollywood 91605. 


MOW-To Buy, Appraise and Get Rid 
of Your Lot— Read “The Insider's 
Guide, to Owning Land in Subdivi- 
sions." Only $2.50. Inform, Box 4236- 
A, New York, NY 10017. 


OWN CANADIAN LAND FROM $47 
ACRE— Choice properties across Can- 
Low monthly payments, Cottage, 

and investment, 


Lots. $20 


11546 Valerio, 


Canadian Estate 


LOGUE $1.00. 
Land. Dept. 22C. 286 Lawrence Ave. 
West, Toronto, Canada M5M 3A8. 


GOVERNMENT LANDS - from $7.50 
Acre! "Buyer's Guide" , . plus nation- 
wide listings - $2.00. ‘Surplus Lands, 
Box 19107-FA, ashington, DC 
20036. 


Write: 


CHEMICALS, Glassware, Kits. Cata- 
log $1.00. K/N Chemical Co., Box 748, 
ino, CA 92402. 
*SPFX PROJECTS MANUAI 
LARGE 81, x 11” diagrams of 
WORKING lazers, phasers, R/C robots, 
sound effects/computer circuits, parts 
sources. $7.95 ppd. LiMAGE, POB 415- 
PS, Planetarium, NY 10024. Informa- 
tion $1 (refundable). 


LIQUIDATING FLORIDA LAND - 75 
x 125' lots for Homes or Mobile 
Homes. Lake Access. Lake Weir, Ocala 
Area, 8s low as $1995.00, only $39.00 
Down, and $38.49 or 63 months. 
Interest 834 %. Total Price: $2424.87. 
Lake Weir Shores, Phone Free 1-800- 
521-4996, or write 2851 N.E. 183rd, 
Suite 316E, North Miami Beach, FL 
33160. Ad 6205. 


EVERYTHING For Chemistry Experi- 
menters! Catalogue $1.00. Starr Scien- 
tific, Manitowoc, WI 54221 


Tist- 


COMPLETE Catalog 50c. Spec 
ings. Laboratory Sales, Box 161-B, 
Brighton, MA 02135. 

CHEMICALS apparatus, — project 


books, wide selection. Catalog $1.00. 
Send to: Pioneer Industries, 14A Hugh- 
ey Street, Nashua, NH 03060. 

ECONOMICALLY Priced Apparatus, 
Chemicals. Discount Catalogue-$1.00. 
Hagenow Laboratories, Manitowoc, Wi 
54220. 


Dept. NC, 1121 Sherman 
Coeur d'Alene, ID 83814 
(208/664-8161) 


33 SPORTING GOODS, 
FISHING TACKLE, ETC. 


IMPORTED 


LOCK BLADE 


ont $35 each 
9” Overall Length 


5" When Closed open 
© Opens instantly Toeks autor 
* Sharp and 
Tough 
* Stainless 


Steel Blade 


id 
plus 50¢ to cover post 
age and nandling. 


WESTBURY SALES CO. 
BOX 494, WESTBURY, N.Y. 11580 
DEPT. 


CAMPING 
EQUIPMENT & TENTS 


FREE Catalog. Everything for Camp- 
ing, campmor, Box 407P, Bogota, NJ 


35 AQUARIUM SUPPLIES 


AUTOMATIC SYPHON SYSTEM— 
Convert present outside filter in 
minutes, $2.95 Complete, Don Semone, 
Box 1132, Oak Park, IL 60304. 


LIVE SEA HORSES Mn 


Kit includes 4 adults & up to 30 ponies 
from pregnant male, marine salt, food, live 
plant, live snail & instruction. 
‘Above kit with Custom Aquarium, sea horse tree, 
seashells, coral, silica sand * 2 ghost shrimp $7.95. 
all custom kit ac- 
(2 preg, males- 
up 1060 sea horses) S Kis sent ppd. 
Live delivers kuaranteed. air mail. 


Saa orses Inc. Dept. PS 10, Bax 1477, Coral Gables, I 33134 


39 EARTHWORMS, 
CRICKETS, FROGS 


FREE Literature—We Teach You To 
Raise, Sell Fishworms, Crickets, 12- 
inch ‘African Worms, Carter Farm-12, 
Plains, GA 31780. 


40 HUNTING & FISHING i 
INFORMATION 


QUAIL And Equipment Catalog, Also 
Booklet "How To. Produce And 
uail Year Around." Send 286 t E. 
fg P. O. Box 1552-K, Savanni 
GA 31402. 


42 FIELD GLASSES, 
TELESCOPES 


FREE Catalogue! Thousands War 
surplus optical bargains. ^ Lenses, 
Prisms, Telescopes, Binoculars, etc. 
Jaegers, 691G Merrick Road, Lynbrook, 
NY 11563. 


43  GOV'T. SURPLUS 


GOVERNMENT, SURPLUS Directo 


Buy - Where - YOUR ARI 
Most COMPREHENSIVE information 
available - $2.00. Mercury, P. O. Box 


54-S, Royal Oak, MI 48068. 


| How! Where! 
ey Back GUARANTEED 1980 Govern- 
ment SURPLUS Directory" - Includin 
- "G-Oll/G-Gas Lf 


Box 2009-C, Syracuse, NY 
JEEPS — $19.30! CARS - $13.50] 


WHERE TO BUY - 
$2 - MONEY BACK GUARANTEE. 
"GOVERNMENT INFORMATION SER- 
VICES," DEPARTMENT A-1, 
'ANCISCO, CA 

DISCOUNT Catalog. Viet-nam Boots, 
Canteens. Viet-nam Jackets, Knives, 
Jungle Hats, Packs, Helmets, C-rations. 
Send $1.00 refundable. Dixie Military 
Surplus, Nashville, TN 
37207. 


OFFICIAL USA 


RECTORY! Jeeps 


$37.22! 400,000 Listings! Your Im- 
mediate Area! UNEQUALLEDI $2.00 
(INCLUDES 


Depository. 
54449. (COPYRIGHT 1980) 
SURPLUS Army. 
64 page illustrated cataloj 
Ruvel, 3037 North Clark, Dept. 
Chicago. IL 60657. 


Buy your 


GOVERNMENT Surplus, 
Send $2.00 SUR- 


Where. 


30177-PS, Washington, DC 20014. 


JEEPS $52.40, Airplanes $75.01, 
typewriters $6.70, Boats $7.50, direct 
from Government Directory and Sur- 
plus Catalog $1.00. (Refundable). 
Midwest Surplus, Box 401-PS, Dayton, 
OH 45401. 
“GOVERNMENT SURPLUS Directo. 
ry." Buy 250,000 items (including 
2c on dollar! Most 
n available - $2.00. 
19107-FA, 


WASHINGTON, DC 2003. 


46 PROFITABLE 
OCCUPATIONS 


FREE Catalog. Repair Air Condition- 
ing, refrigeration, Tools, supplies, full 
instructions. Doolin, 2016 Canton, Dal- 

TX 15201. 


SURPRISE Everybody. Become No- 


tary Public now. We guide you, free. 
We sell notary needs. Raise" your 
image, job value, income. Assistance 
nationwide. Brochure: Gulf, Club- 
B. San Antonio, TX 78201 


MECHANICALLY INCLINED INDIVIDUALS 


Assemble electronic devices in your home. 
pag piee ag fot ON Get Get 
i spare time, Above average 
$300-$600/wk. ible. by 
others. No investment - ria for reo details. 


i 


ELECTRONIC DEVELOPMENT LAB 
Box 1560G, Pinellas Park, FL 33565 


47 BOOKS & MAGAZINES 


CHRISTIAN BEHAVIOR PRINCIPLES, 
3.00. E. L. Funk, Box 313, Richland, 


iA 31825. 


Un 
Scientific 


Alien 
u) Illustrations, For 


50. to: The 
"Kavance. Circulation. 
CA 92103. 


te, 
, San Diego, 


SEND Only 10c for Nice collection 
of U.S. Stamps including $5.00 issue 
and scarce mint Sipex Souvenir Sheet. 
Attractive price lists of other beautiful 
stamps and collectors supplies also 
included. Mystic Stamps, Dept. SS-2, 


Camden, NY 13316. 
785 DIFFER . Stamps! Only 


i5 Di 
10c. Includes Old Issues, Commemora- 
tives, High Values, Airmails, plus hard 
to get $1.00 stamps. (Adults Only. 
Goliath, W-2, Bethlehem, NH 03574. 

500 DIFFERENT Stamps for $2.00. 
Smith, 508B Brooks, College Station. 
TX Ti840. 

NY Approvals! Regardless Cata- 

logue! Kloster, 4164—52nd Street, 
San Diego, CA 52105 


GRAB BAG of over 100 Unassorted 


Stamps, only 10c. Contains New 
Issues. Asia, South Seas, Africa, etc. 
(Adults Only). Littleton Stamps, EX-2, 
Littleton, NH 03561. 
FREE! Big Bargain Catalog 
Edition listing thousands of 
including U.S. B.N.A. stamps, 
Packets, albums, accessories and sup- 
Iso, fine stamps from our ap- 
service, buy any or none, re- 
promptly, please. Jamestown 
Dept. E10PS, Jamestown, NY 


WORLDWIDE COLLECTION - 100 
different stamps - only 25c with fan- 
tastic worldwide approvals. Nazlo, Box 
423C, Audubon, PA 19403. 

CANADA: Child Year, Mint Only 
20c. Approvals. Rheaume, 91 Valois, 
Juebec, Canada H7M 1A9. 
SPECTACULAR OUTER SPACE COL- 
LECTION Only 10c! Big Catalog too! 

sent free examination, 


U.S. 
Blocks - $1.00! Approvals. 
Davison, Key Largo, FL 33037. 

U.S. 100 DIFFERENT 10c approval: 
Stamps, Box 385-5, Midlothian, V. 
23113. 


Gordon 


6 COMMEMORATIVE Plate 


BUILD YOUR OWN TV CAMERA! 
“Ideal for home & business" 


Meeme fer FUN or PROFIT, we 
— ier t FUN or PROFIT, 


"TY telccactng._ Campi kit 
ATV Research 


SU Ue. ssion. Ano 


'] apr, à mne 

PHONE OR WRITE FoR FREE 

RUGSIRATED CATALOG OF KIIS 
DIAL 402-987-3771 doy, 
1305 BROADWAY SI. N- 
DAKOTA CITY, NEBR. 65731 


54A CB RADIO 


TUNEUP/MODIFICATION RE- 
$3.00 Each. Specify Model. 
Free Catalog. CB, City, Box 1030-P, 
Woodland Hilis, CA 91365. 


INCREASE CH RANGE | Legally! 
Free Information, SKIPPER’ 
130-Cl, Paradise, CA 95969. 


55 ELECTRONICS, 
STEREO, HI-FI 


UNREAL Electronics Catalog. Closs 
outs, liquidations, factory surplus 
Parts, equipment, stereo, | industri 
telephone, computer, educational, sci 
ence, electrical. Amazing values, Fasci 


pating items unavailable in stores 
anywhere! Rush $1. ETCO-004, Box 
762, Plattsburgh, NY 12901 


SAVE Hundreds of Dollars on Stereo 
and Hi-Fi. What to buy, where to buy 
it. Tips on installation. repair, add-ons 
car stereo, and more. $2.00. Stereo 
Hi-Fi Buying And Installation Guide, 
P.O. Box 516, Amherst, MA 01002. 


56 RECORDS, TAPES, etc. 


OLD Radio Programs on Cassette 
Tapes. Send 15c Stamp for Catalog. 
Box 16365-P. St. Louis. MO 63125. 


RUSSIAN Space Collection with 
Souvenir Sheet $1.00. Russian approv- 
als. Snedco, Waldwick, NJ 07463. 


OLDIES — 45 RPH Original hits. 
Catalog $1.00. C&S Record Sales, Box 
197, Wampsville, NY 13163. 


50 DIFFERENT Old U.S, between 
1861 and 1939 $1.00. Ed Rous! 


UNUSUAL BOOKS.  Locksmithing, 
crime, police manuals, undercover op- 
erations, weapons, investigations, con 
mes, fake ID, hiding things, survival 
lack "market, life extension, intelli- 
ence increasó, moneymaking opportu- 
ities, more! Huge illustrated catalog 
2.00. Unusual Books, 264, 
son, MI 48854. 


Box 


33023. 


FREE CATALOG oí CLOCK AND 
/ATCH REPAIR books. North Ameri- 
an, Box 77BNA, Fox River Grove, IL 


UBLISHERS' OVERSTOCKS, BAR- 
AIN BOOKS. 3,000 titles, all sub 
Free. 

lapboard, D 
OUT-Of-Print Hooks. Found. Send 
ants. Book Look, 62 Main Street, 
arwick, NY 10990. 


9 JOKES & NOVELTIES 
FREE World's Leading Novelty Ci 


og. 1600 Jokes, Tricks, Science, 
ports, Hobbies, Johnson-Smith, C-11; 
Mt. Clemens, Mi 48043. 


BRAND NEW FUN CATALOG. HUI 
REDS OF SUPER GIFTS, GIMMICKS, 
ID NOVELTIES. SEND 25c TO FUN 
FACTORY, INC, DEPT. 1172, 41 
STREET, ENGLEWOOD, NJ 


O | MAGIC TRICKS, 
PUZZLES, ETC. 
1 $2.00 trick with huge catalog 


50c. Rush! Abracadabra-SP. Scotch 
Plains, NJ 07076. 


HONG KONG DOLLAR Only 10c. 
circulated cupronickel dollar. Limit 
(Adults Only.) Plus price lists. 

KH-2, Littleton, NH 


- Fascinatin; 
for 25c. 
Thunderbird, Puts 


3 OLD Liberty Hi 


Foreign Coins. 
Goodwill Coins, 44 
IL 61560. 


Nickels Only 


$1.00. Issued before 1913. Limit 1 
Sef, Adults: Only.) Plus price lists. 
Littleton Coins, HL-2, Littleton, 


03561. 


52 STAMP COLLECTING 


UNITED NATIONS 3 Complete Mint 
Sets 25c, Approvals. Cornetta, POB 
1509-P, Lake Placid, FL 33852. 

LATE BLOCKS, Six Different 4c 
Only $1.00. FREE WHOLESALE PRICE 
LIST. AMPBCO, Box 26066-S, St. 


Shepard, Mansfield, OH 44907. 
FREE Surprise collection 
approvals. Jay, 1784 Union, 

cisco 94123. 

2,000,000 STAMPS - 150 countries 
2c each. Belden, Box 4149, Dearborn, 
48126. 

FREE Catalog: 3.000 Different 
Packets! Ullery, 1016 Meridian, Mish 
waka, IN 46544. , 

FIFTY Free Stamps With Approvals. 
J&D Stamps, Box 747, Melbourne 
Beach, FL 32951. 

PENNY Approvals. Regardless Cata- 
logue. Zamora, 1 Mendez Liciaga, San 
Bebestisn. Puerto Rico 00756. __ 

FREE, U.S. Mint Set. Approvals. Hil- 
debrand, Box 4867, Santa Clara, CA 
95054. 

FREE Worldwide packet. Penny ap- 
provals. Froelich, Box 412-B, Morton 
Grove, IL 60053. 

50 YEARS Old, fifteen different 
United States, over fifty years old 25¢ 
with approvals. Jaxon, Box C11, New 
Rochelle, NY 10804. 

OLD U.S, Stamps on approval: Ch 
ter, BOX 15414-R, Philadelphia, PA 


a J Mail ® 


Get your collection off the ground with Winged Globe, 
statue of Liberty, The American Eagle, Abraham Lincoln 
Liberty Bell, plus more! We'll also include selection for 
You to examine. Keep only those you wish to buy, return 
any others. Cancel service anytime. Mail 25¢ today te: 
GARCELON STAMP CO. Dept 1PSS Calais, Maine, 04619 

worldwide 


107 2212 


Send Wc t Dept PST 
WALIAMS STAMP CO. ST. STEPHEN, NB. EX. ZUS 


54 RADIO, TELEVISION 


36c TUBES. Radio & TV! Free Color 
Catalog. Cornell, 42178 University, 
San Diego, CA 92105. 

POLICE Scanners, Crystals, 
Detectors. 


Radar 
HPR, Box 19224, Denver. 


CO 80219. 
YOUR OWN AM RADIO STATIONI Bc 
neighborhood, broadcaster — legal 


"radio pirate" — no license needed. 
Confidential report: $5. Box 532, Fair- 


Louis, MO 63136. view, NJ 07022 

TREASURES?? Eighth Ounce World- FREE Educational Electronics Cata- 
wide. 25c, Approvals Included. Stamp- | log. Edukits Workshop. Department 
man, Brooks, Chester, NJ 07930. 196-A. Hewlett. NY 11557. 


———————— 


PORTABLE Cassettes and Radios 
have great sound potential. Instruc- 
tions $1.50. Big Sound, P. O. Box 
15097. Long Beach, CA 90815. 


RECORDS - TAPES! Discounts to 

no purchase obliga- 

discount dividend 

% guarantees. 

ount Music Club, 650 Main 

Dept. 4-0180, New Rochell 
NY 10801. 


56A VIDEO EQUIPMENT 


VALUE VIDEO can save you more. 
Name brands, Sony, JVC, Panasonic 
Magnavox at’ unheard’ of prices! Fuji 
T-120's $17.11. Blockbuster movies 
low as $59.22. Send $2.00 for our 
brochure. VALUE VIDEO, Box 1884, 
Kansas City, MO 64141. 


57 MUSICAL INSTRUMENTS 


ALLIED Wholesale Musical] Instru- 
ments, 476 E. Fordham Road, Bronx, 
NY 10458. 


-made violins, 
cellos, basses and bows. Send 
"ter. catalog. Credit certificate 
25 enclosed with catalog. 

Violin Company, Dept 
4026 W. Belvedere Ave., Balti- 


AA, 
more, MD 21215. 


Sn ACCORDIONS 


ACCORDION CORPORATION 
Belmont Avenue, Chicago, NI. 60641 


5535 (PX) 
58 SONG WRITERS 

POEMS set to music, Nashville Music 
Productions, Box 40001-PS, Nashville, 
TN 37204. 

OEMS - SONGS WANTED. Free 
Publishing. Broadway Music Produc- 
tions, Box 7438-PS, Sarasota, FL 
33578. 

59 IMPORT-EXPORT 


“DISTRIBUTE For Manufacturers 
Worldwide." Free Brochures! Ballco, 
Box 91309-Xi, Cleveland, OH 44101. 


60 BUSINESS 
OPPORTUNITIES 


NEW TAX LOOPHOLES Discovered. 
Everyone, eligible | Free, facts. | ULC: 

©. Box 359.00, Clarkston, GA 
Boost. 


$38,000 Part-Time. I did It buying, 


renting, selling houses. Small inves 
ment. Complete details, from finding 
steals to cosmetic "improvements. 


$3.95. Louis Jagoe, 7413 El Encanto 
Court, #2108, Tampa, FL 33617. 


MAILORDER Opportunity. 
profitable home business 
experience or capital 

book, plus details. 
sociates, Dept. 503, 
01645. 


SAVE GASOLINEN Professional re- 
veals retuning secrets. Details — 
Posco, GS1, Box 444, Bronx, NY 
10471. 


HOW to make money with your 
telephone! Spare-time. Complete work- 
ing instructions $3.00 (Guaranteed). 
D. Austin, Dept. 1C, 301 Cherokee, 
Grand Island, NE 68801. 


FIRST TIME OPPORTUNITY. Start 
business for less than, $200.00. No 
Competition Yet! For information send 
$5.00 to: Series 1, P. O. Box 32, 
Rocheport, MO 65275. 


Start 
without 
Write for free 
Mall Order As- 
Montvale, NJ 


|ACKS—Free 


details Supply, Dept. 
S. Box lle, TX 78520. 

ANE More Money by mail. HACO, 
Box 846, Nashua, NH 03061. 


SYNTHETIC OIL DEALERS Needed, 
Exciting Products & Opportunities, 
Make More Spare Time Than in 
Present Business or Job. Collect (316) 
686-0441. 


$58.90 DAILY PAY. $353.88 WEEK- 


LY. Homework. Immediate | Income. 
Earnings guarantee certificate. Free 
report/ Application, | AAHIP, ` Unit 
29309-A, Medcensta, TX 78229. 

NEW Tool! Dealer P 
Distributing, Box “L”, Tarzana, CA 
91356. 

“ADS 'N' ANSWERS’ li 


“Business Opportunities" c 


Consumer A: 


ichdog', 
St. Petersburg, FL 33733 


INVEST $15,000 total, earn triple 
that in a year. Ti ing Available thru 
national dealer organization. Contact: 
REDI-BUILT PRODUCTS, INC 
3333 Quebec Suite 4040 
Denver, do 80207 
(303) 399-4327 

300% Profit Possible Selling Gift 
Items, Novelties, Toys!! Minimum In- 
vestment! Full Profit Details. Hughes 
Giftworld, Box 9016PS, Newark, NJ 
07104. 
~ SELL SENSATIONAL LOW-COST 
BURGLAR ALARM. Lightning seller. 
cl margin. Samples for tı 
Northwest Electric, Ave. 2124, Mite! 
ell, SD 57301. 

JEWELRY SALES CAN MAKE YOU 
RICH! Full or Spare Time. Starter kit 
$1.00. Nasco, 310-BNB Lincoln Ave- 
nue, Fox River Grove, IL 60021. 

FREE Inflation-Beater Book ''2042 
Unique, Proven Enterprises." Fabulous 
“Little Knowns." Work Home! Hay- 
lings-E, Carlsbad, CA 92008. 

INSTALL WATER WELLS. New Pat- 
ented “Little Pounder"TM Machine 
drives well points to 50’ or more. It's 
cheaper, et 
ing. Start 
ness for less than $1,000. Send 
for details. Crystal Water Proc jucts, 
Box 12867, St. Paul, MN 55112. 

$92.00 FROM Square Foot Plywood 
(Huge Demand). Revealing Proof 25c 
(Refundable), Woodwins, Bridgewater, 


o 


the money isi Pi 
refinish, recolor fur- 
r tops. Quick, easy. 

lay earn you 
, cars, offices, 
unlimited customers. Start 
ing after a few days practic 
sational details Free, VIP, 2036 Mont- 
rose, Chicago 6061. 


ABANDONED 
take it! Details: 
Woodville, TX 75919. 

VENDING Machine. No - selling, 
Routes earn amazing profits. Big Cata- 
logue Free. Parkway Corporation, 


1930PSB Greenspring Drive, Timonium, 
Maryland 21093. 


ANO Tuning leaned quickly 
home! Free information. Empire School, 
Box 450327. Miami 33145. 


SYNTHETIC Oil, e 
(800) 448-4511. 


Tj 


s Fuel 
pare Time 
Extension 


Brighton lath: Brooklyn, NY 11235. 

MAKE $2,000.00 Monthly Spare 
Time. Unique proven enterprise. No 
selling. No capital to start. Free bro- 
chure. Kashbullder, Box 1132-PK, In- 
IN 46235 


PLASTERCRAFT — Profitable Home 
Business. Over 1,000 molds available. 
Details: Lynnette, 6251R Mentor Park, 
Mentor, OH 44060. 


LEARN Sewing Machine Repairing. 
Men, Women, Lucrative profits. Gress- 
lin Correspondence School. Box 927, 
Spencer. IA 51301. 


2000% PROFIT! Free Information. 
Send Stamped Envelope. Best, Marriro. 
LA 70072. 

FREE Mailorder 


Dropship Business 


Journal! ‘World, Box 1355-P, 
Sioux Falls, SD 57101. 
GET RICHI Secret law smashes 


debts—Brings cash and credit. Details 
free! Wealthkit, Box 350-S, Billings, 


NY 12510. 


with 
Money- 


craft, 2316 
PIANO Tuning quickly learned with 


COST REDUCTION FOR SMALL BUSI- 
NESSES, Engineer shows how to save 
thousands. $5.00. BPL Systems, 1409 
Carriage Lane, Westmont, IL 60559. 


61 


MONEYMAKING 
OPPORTUNITIES 


joy AAA; 
"Research." Box 
IN 46229. 
NOVELTY IMPORTS Sell Like Madi 
Make Huge Profits. Nine samples and 


29263-GM, 


home study course. Diploma granted. | large wholesale catalog - $1.00. Lake- 
American ‘Tuning School, 17050 Telfer 00, 
Drive, Morgan Hill, CA 95037. POE EROR Ia NON WARE 
BEAT the Races! Free Booklet! Un. "MAI OnE CERE 
limited Lifetime income from Thor. | ss tea COR Deet clie Mew. Send 
Oughbreds - Harness". Elias, Box 47-G. | $2.00.  Val-Lue Enterprises, Dept. 


Brooklyn, NY 11219. 


OVER $16.50 an hour. Spare time 
at home! Rubber Stamp industry needs 
Small manufacturers. We furnish all 
know-how! 


3512 Jarvis, Chicago, IL 00620. 


62 EMPLOYMENT 
INFORMATION 
OILFIELD Jobs. Free informatior 
Oilfield Consultants, 123 Carlin, La- 
fayette, LA 70501. $1 for postag 

and handling. 


JOBS! How to Get Them! Copy- 
righted Information: $2.00. Hints, 
15185, Fort Wayne, IN 46815. 

RESUMES! Professional — Writing 
Service. Free Information. Resumes, 
Box 15185, Fort Wayne, IN 46815. 

JOURNEYMAN CREDENTIALS 


69 CONTESTS 
MOM ,Swoepetakes ,_Consietentiv! 
Amazing . References, Box 


41467. Eagle, CA 90041 


72 EDUCATION & 


INSTRUCTION 


SECRETS Of Human Mind. 550-Page 
Best-Seller, $3.50 postpaid. Thomas 
Junker, 61-11 Booth Street, Rega 
Park, NY 11374. 


FCC LICENSE, Ist & 2nd Class, 
Electronics Career courses by mail. G.I: 
Bill, FREE School Catalog and Infor- 
mation. School rep will try to call. 
Write Cleveland Institute of Electron- 
ics, Inc. (CIE), Dept. WPS.55, 1776 


TOES, 1923 19th Lane, Brooklyn, NY | quae ae 
MADE $40,000.00 Year 11214. SAES ETWAATEI Wie" sits East, „1th ‘Street, Cleveland, OH 
der! Helped others make mo STOP Wasting Money "Answering | Avenue, Suite 1102, New York, NY 3 
25c, Torrey, Box 318FF, Ypsilanti, Vague Opportunity Ads. 1000 offers | 10010 EARN Extension Degrees in Ho- 
48197. _ | explained. Globe, Box 20588-PC, St. TRUTH FROM AUSTRALIA—JoBs, | mocopathy, Radionics, Botanic Medi- 
TAKE Catalog Orders. We dropship | Louis. MO 63139. Incomes” Tourism Latest Facts Book. | cine, Naturopathy, Philosophy, Psy- 
2500 t-selling Specialty products. $300.00 Week Profit at Swap Meets. | $4.00 bills to: Infotek, POBOX C-91, | chology. etc. Scl bol Founded’ 1961. 
kato hokus. ‘Spectacular home busi: | Prr Sacteteuto, CA opda re Box | Forestville 2087, Australia. PAPS Sprantridge ^ Forest ^ School 
o 3 pannin, Ca soane, AUSTRALIA — Facts. detalls, Free i 
epportuoitr: Free Book: Sic WIN Your Share of $80,000.00 ge. Send $2.00. Hibernian Press, | RTT TEx. "neni Sussex, England 
d Hie CA 13es Pt MONTHLY. Send "1,00 for, PUZZLE | Box 201.PS. Fort Lawn, SC 29714. TONERS ThA MeUod. BAGG 
— sponsor list. Information. | — AUSTHALIA—New Zealand! 75,000 DEGREES, Thesis Me! Brochure, 
me AMP Agents, Wanted! Make | PS-1, Box 17494, Salt Lake City, UT joAUSTRALIA- New Zesland! 75,000 | s, North, Box 3388, Tulsa, OH 
Samplos "& “Information: Posterinatic- erin i — Fre | listings ,$2,00, Austeo, Box a1i6-r, | Tiol 
ast Providence, RI 02914. Da Y dn xpur malit eO Tie | Hayward, CA.04540. aS FREE Lifetime Ordination. Become 
da [s n it Cost! Fi EID MEM,  HweOR, OVERSEAS .. . $15,000-$50,000+. | Chaplain, Missionary Evangelist, Bish- 
Details. Codex-B. Box Gut omage | 13029. __—________| Free Information! Employment, Box | op. „Box 744-PS, McKeesport, PA 
OH 43614 7. * | , (RED MORE MONEY? Examine over | 29217-FA, Indianapolis, IN 46229. 15134. 
l | 1,000 ways to earn spare 5 
LIONS in Maili Free Secrets | time. part time on weekends! Get 5 EE tating sracemplete into LEARN GAS TURBINES! Correspon- 
Transworld-11, Box 6226, Toledo, OH | issues 'of Opportunity Magazine Free! | my 1000. Bood “Assistance, ce comes, covers el peas 
tunity, « A 
Michigan" Chicago $0503. 35, Bear, DE 19101. lished 1957. Valuable diploma awarded! 
NU ERE MARS te 87cm 
pee Make Money er M = Batteries. Fabulous Profit - 4 
or others. nterprises, | small investment. Apex neering: BRI DEGREES, Diplo: 
GE Box Sis. Chicopee, MA | 3454 Boisa Road. Atascadero, FN upEu EDU 
93422. don, England. Commerce Philosophy 
IMPORT-EXPORT r opportunity. rof- HOW TO WIN at Racetracks! Horses, Alaska) Free Details, Sciences, Divinity, Medicine, Over 
itable world-wide, business | Dogs, Trotters! Information: Venture- ntries, How To Apply. subjects. Free prospectus UAlrmall 
from home, without capital. We ship | RPS, 4001 East Fanfol, Phoenix, AZ 1 -| | $199 “Refundable. College Registrar, 
pian for no risk examination, Experi- | 85028. Dept, 1027), BCM Collegiate, Lond 
eneo unnecessary. Tree Report, Mellin: | iig INTEREST AVAILABLE, 157 n 
RLPST GN, Woodland ls CA | , NIGH, INTEREST ANNIDARUE 35 Ses pppoe ES 
Her rsity. AR 72487. 4 thesia and E.S.P. Subjects, Free Illus 


MANUFACTURER NEEDS MAI 
Assemble Product at home and supply 
national sales crews, full or part t 
of their own. 
income potential. S.K.R.C. 

River Bend Plantation, 
21505. 


Should desire busines 
Five-fgure 

Manufacturers, 
y, NC 


Sellers, 
Truckers, Motorcycles, 
Bir Profits. Complete dealer s 
Pra ‘Catalog, Anchor. Box 3958-BP5. 
North Providence. RI 02911. 


for us. 
PS, Hudson, OH 
Each Photo Done! 
Free Re- 


y! Write: 
jacramento, 


$12.50/Hour, 
Fulton, 


port, #PS-1, 311 

^ 95821. 

RS ,000.00 IN Your 
Home ' manufacturing busines 
for Free Details: Mason, 
3-JA, 1512 Jarvis. Chica 

‘SELLING KNAPP SHOES IS EASY. 

ions immediate! 


Spare Time. 
Write 


investment. Free sales kit. 
Shoes, K-611 Knapp Centre, Brockton, 
MA 02401. 


be a TAX CONSULTANT 


Income unlimited in full or part time home busi- 
ness preparing tax returns in busy tax season, 
plus year-round monthly fees to $50 from busi- 


ness tax service. No bookkeeping experience 
needed. We train you at home, help you start. 
Accredited Member NHSC. Free literature. No 


utes. Send for FREE 
BUMPER. PRESS 

. Box 22791 (LL) 

e Fla. 33822 


ELECTRONIC 
ASSEMBLY BUSINESS 


Start home, spare time. Investment, Ld or 

experience unnecessary. BIG DEMAND assembling 

electronic devices, Sales handled by| 

professionals, Unusual business opportunity. 

FREE: Complete itestrated litarature 

ma) 'BARTA, Box DA Geum | 
Walnut Creek, Calif, 94597 


ERASE DEBTS with little-known 


law: CREATE wealth! FREE report. 
Blueprints, S1, Box 100, La Grange- 
NY 12540. 


BE , GUIDE TO MAIL. OR- 
DER. C.T., Box 15585, 
Pe Wayne, IN 46885. 
MONEY! Interested? Free Dis- 
-M. Box 6073, Toledo, 
(419) 865-5657. 
MAILORDER SUCCESS! interested? 
Free Expose. TWP-M, Box 6226, Tole- 
do, OH 43614. 
ING Real Estate. Fantastic 
Free Report. AAR, 


Box 6125- 
S. Hayward, CA 94544. 


IONAL SYSTEMS, 
'51, LOS ANGELES, CA 900: 
GOLD from_ rivers and 
Details 25c. Seckay Chemical, 
Fifth Ave., New York, NY 10010. 


EARN A STEADY INCOME 
1 SHARPEN 


CIRCULAR SAWS 


Professional circular 
saw sharpener sharp- 
ens saws 5” to 60”, 
rip, cross-cut, com: 
bination, dado. Easy 
to operate—accurate 
—fast—safe. Bevels 
45°, joints, gums. 
You can profit from this 
machine. 
Thousands of Circular 
saws need sharpening 
every month. 
Write for details 
BURR MANUFACTURING CO. 
1931 VENICE BLVD. 
LOS ANGELES. CALIF. 90034 


WOODCARVING BY MACHINE 


Earn up to $28.00 an hour. Trace plaques, 
statues, gunstocks, decoys, furniture, name- 
plates, etc. Minimal skill needed. Unique 
patented Kurt carving equipment lets you turn 
spare time into an enjoyable hobby and po- 
tential profit. No big investment or franchise 
fee. A proven moneymaker. Send 50¢ for 
20 page Brochure. 
KURT MANUFACTURING COMPANY, 

E Ded 


MAKE TOP MONEY IN 
STAINED ‘GLASS 


A Lean at home in vour spare tme. 
Progra incudes your book of com 
pretely dustrated lessons ~ ali profes 
Nona! 1001s, many interesting projects 
and more AN this included in 
fa our seit study program, Every 

PE om redet 60S aon E 


‘way to success -~ FREE INFO 
Vici X CAREERS LTD Pub. Dept. PSG-10 
SSSA F Main Sc. Round Lake Park. Ii. 00073 


62A HELP WANTED 


MACHINISTS— Live and Work in 
ARIZONA. Established aerospace firm 
needs you. Send resume to: D-Velco 
Manufacturing, Ola South 36 Street, 
Phoenix, AZ 85034. 


needs 

mailing 

unnecessai 

phone number to Webster, 175 Fifth 

Ave, Suite 1101-CN4, New York, NY 
io. 


63 SPECIAL SERVICES 


INFORMATION On Anything. Fergu- 
Research Specialists, 60-15, Wood- 
NY 11377. 
MATO. on anything. Thor- 
ough, reasonable, fast! P1 -` Global 
Research Associates, Box 182, Yi 
ville, CT 06492. 


66 AGENTS WANTED 


EARN Extra Spending Money! Write 
orders for your friends and family and 
earn $250/Month or more. Sell quality 


Mason Shoes. Absolutely no [nv 
ment. Write: Mason Shoes, K-526, 
Chippewa Falis, WI 54729. 


XM FREE SHOES! 
RETAIL VALUE OVER $30 


Ill show you how you 
gan earn free shoes or boots for yourself 
PLUS up to $200 a month in extra in- 
come. Show friends and neighbors how 
they can save $15 to $20 a pair on 


high quality shoes or boots. Selling kit 
‘Gordon King, Hanover shoe, 
ide. Dept. sous, Hanover, Pa. 17331 


67 


SALESPERSONS— 
DISTRIBUTORS WANTED 


EARN BIG COMMISSIONS 
WORK FULL OR PART TIME! 
Show big FREE SALES KIT featuring 
complete line low priced business printing 
and ad specialties to business people. 
Buiid repeat business. Start 

now. 


NATIONAL PRESS, INC. 
DEPT. 005 
NORTH CHICAGO, IL 60064 


trated Catalog. Courses and Equipment 
(Airmalled $2.00.) Established 30 
Years: Bruce Copen, Highfield, Dane- 
hill, Sussex, England RH17 7EX. 


LEARN QUICKLY—Iimprove grades 
—using modern techniques! Complet 
detalls $2.00. Edutech, Box 949.5; 
Ashtabula, OH 44004. 


REISCH WORLD WIDE COLLEGE 
AUCTIONEERING, INC.—World’s Larg: 
est - 46 years. "Term soon, Free cata. 
log. VA, Approved. Modern Aucti 
Library “FREE” with enrollment, 518. 
423-5242—Col. Gordon E. Taylor; P.O] 
Box p49, Dept. 3; Mason City, T 

4o 


'Y DEGREES! No Classes) 


Accredited. FREI 
Revealing Detalls. Succes Bo: 
13151-Si, Columbus, OH 43213, 


Bachelors, 
revealing ‘de 
PS1 


COLLEGE DEGREE - for work exis 
rience and life experience. 
fy for Bachelor's, Master's or Doc 
Cali (602) 254-7241 or sent 
ume, American Internation] 
y. Department PS1, 202 
'hoenix, AZ 85004. 


BARTENDING — Bar Manageme 


Home Study, Bartending Training 
3843-G San Fernando Road, Glendal 
CA 91204. 


ELECTRONICS Degree (BSET) 
correspondence, Grantham Colleg 
2500 La Cienega, Los Angeles, 
90034. 


LEARN WHILE ASLEEI 


New Methodi Strange, Catalog 
Autosuggestion, Box 24-A, Olympi 
WA 98507. 


i 


available. 
25918-Q, 
(213) 477-6226. 


800-621-5809 
5858) or write American School, Dep] 
30147, 850 E, 58th St., Chicago, 
60637. 

WELDING TRAINING. Basic and A 
vanced for Major Processes 
(Stick). MIG, TIG. Gi 
cesses. A non-profit 
member NATTS. Approved Ohio 70-1 
0084 HT. Write for school bulletin 
course schedule, HOBART SCHOOL 
WELDING TECHNOLOGY, Box 
OH 45373. 


MEMORY, Sleep Learning. Free Pul 
DLP. Box 487. Anaheim, 


MOTORCYCLE Mechanic. 
Home Spare Time. Motorcycle Tool 
Test Instruments Included. GI/VA Al 
proval. Write for facts: Motorcycle 
pair School, Dept. PCCC9, New 
Beach, CA 92660. 


EARN HIGH SCHOOL DIPLOMA 
AT HOME FASTI State Registered. 
Lowest tuition available. Individual 
counseling. Credits awarded for job 
ence and previous courses. Free 
school ring. Call free: 1-800.327- 
8103. Cambridge Academy | (PS-1). 
409 E. Osceola, Stuart, FL 33494. 


INSTANT mm 


INSTITUTE of ADVANCED THINKING ` 
‘859PS VialaPaz, Pacific Palisades, CA 90272 


). Box 867 PSI, Winter Park, FI 


73 CARTOONING, 
| SIGN PAINTING 
, CARTOON for money ! ! ! Free 
Book: Success, Box 885B, Dearborn, 
MI 48121. 

LEARN Cartooning. Fun or pront 
Cartooning, Box 7069A, Colorado 
Springs, CÓ 8093: 


LEARN Sign Paintin m 
logue. Kaufmann Supply, Centertown, 
MO 65023. 

MODERN Cartooning 
‘Write for Free Brochure. 
Box 263-AG, Branford, CT 06405. 


76 DETECTIVES 


| DETECTIVE Profe 


ion, easy home 


Dept. CB, 
CA 90733. 


INGERPRINTING - exciting. scien- 
tific career. Home study course teaches 
everything, Certifeate on completion. 
Many openings; prepare now. Profes 
sional! Investigators Training School, 
Dept. FP, P.O. Box 1980, San Pedro, 
CA 90133. 


77 LOANS BY MAIL 


BORROW FROM HOME 

ANY amount, any purpose, within 
30 days. Competitive rates. Also, you 
[can ‘oarn unlimited income as our Mon- 
Agent, No experience - own hours. 
Company to assist overy wa: 

No Gimmicks! Free Details: 
Dept. 11-C-1, 1145 Reser- 
ue, Cranston, RÍ 0292. 


BORROW $25,000 “overnight.” Any 
ose. Keo) 


indefinitely! Write: Suc- 
Research, Box 29! 


ic 63-FA, India- 
napolis, IN 46229. 


QUICK $ Cash § Signature Loans! 
Advise amount and purpose. National, 
507-PS Fifth Ave., New Y rk 10017. 
BUSINESS and Commercial Loans 
Arranged, $100,000 and Up. Call: J. 
Calendine, (919) 499-4393 
BORROW By Mail Free 
IMBG-PS10, Box 2298, Sandusky, 
44870. 


IMMEDIATE Cash Loans! 


P.O. Box 


OH 


No _ col- 
9B % 
98-P3, 


78 WINEMAKING 


WINEMAKERS—BEERMAKERS Free 
Catalog. Fast Service. Large Selection. 
Kraus, Box 7850-N. Independence, 
MO 64053. 


79 BUY IT WHOLESALE 


WATERBEDS — $39.95. Heaters — 
$49.95, FREE Catalogue, Waterbeds, 
#6, Mt. Vernon, iL 62864. " 


REP AGENT PARTS for Chain- 
saw, Motorcycle, Snowmobile, Small 
Engines. Wholesale prices. 48 hour 


shipment. Free Catalog. Manufacturer's 


Supply, Box 157PS, Dorchester, WI 
54425. 

400,000 BARGAINS Below Whole- 
sale! Many Free! Liquidations . . . 
Closeouts! — y 10b Lots as Sine 
Samples. Fec, detalle Worldwide Bar 
gai hunters, Box 730-B, Holland, Mi 
494: 


83 RUBBER STAMPS & 
OFFICE SUPPLIES 
RUBEER Stamps. 


Super Quick. Call 
541-8618. 


tamps 


If you need 
-800- 


RUSBER „Stampa. Free. Catalog. 
Jackson's, Brownsville Rd. G-100, Mi. 
Vernon, IL 62864. 


84 PRINTING SERVICES 


BUSINESS Cards. If you need cards 
Super Quick, Call Toll Free: 800-547- 


85 PRINTING & RUBBER 
STAMP OUTFITS 


,,DRINT „YOUR OWN Printing 
Type, Supplies Direct From 
Factory. Send 250 for Catalog and 
Samples to: Kelsey Company. DS, Mer- 
iden, CT 06450. 


WHOLESALE Rubber Stamp Outfits, 
Supplies. Catalog - $1.00. Martin's, 
ity, MO 65101: 


1432 Major, Jefferson 


ples. Shipped Day R 
lies e- 
E23 O0 for Catalog and 
Custom Manufacturers, Box 


Brochure, 
211-PS, Springfield, MO 65801. 


88 OLD GOLD, JEWELRY 
WANTED 


BUYING Gold - Silver! Free Details! 


Reliance, 50-PS1 Margin, Salem, MA 
01910. 
GOLD . Sil inum Wanted 


For free information write: Wilmots, 
345 S. Glassell, Orange, CA 92666. 


HIGHEST CASH for Gold, Jewel 
Gold Teetn, Rings, Diamonds, Watcues, 


Silver, Platinum. Mall Articles Today. 
Free ‘gift with Information. Chicago 
Gold & Precious Metals, 6 E. Monroe, 


Dept 557, Chicago 6060 


HIGHEST CASH IMMEDIATELY for 
Old Gold, Silver, Platinum, Jewelry, 
Gold Teeth, Watches, Diamonds, Spec 
tacles. "Free Info 

tries. 29-Y 


89 WATCHES, CLOCKS— 
SALES & SERVICE 


WATCH and Clock Repairing Books, 
Tools, Materials. Free Catalogs. North 
American, Box 77-BN, Fox River 
Grove, IL 60021. 


91 OF INTEREST TO ALL 


‘William’ Huddle, Box 412, 
hampaign, IL 61820. 


‘SIREN LIGHT for Dg Light- 
weight flashlight has 
Measures 8" and runs on bat- 


teries "(not included). $7 

House, 7700 Leesburg Piki 

102P, Falls Church, VA 22 
POCKET-SIZE ready reference for 
machinists, technicians,  draftsmen, 

engineers, ‘hobbyists. $2.00 and long 

SASE. Industrial Graphics, P.O. Box 


621, Canton, TX 75103. 


MOONSHINE! Whiskey. gin, vodka 
aking. llustrated, manual, "recipes, 
[$2.00 "Gourmay, 5133 Fairhill, Phila: 
leiphia, PA 19120. 

¥REE ENCYCLOPEDIA WINEMAKING 
|BEERMAKING, supplies, equipment, In- 
lgredients. — Vynox Industries, Box 
57498, Rochester, NY 14615. 
BEERLOVERS! Brew American and 


Supplies. FRI i% 
Imports Ltd., Department PS10A, 
Canal Street, New York, NY 10013. 
WINEMAKERS — Beermakers. Free 
Catalog. Equipment Supplies. Continen- 
Box 68016-PS, Indianapolis, IN 
46268. 
WINEMAKERS - Beerm 
ilustrated catalog of supp 


BEERMAKERS, Winemakers. Free 
talog, Recipe, Finest Ingredients, 
uipment, Service. SPI, Box 784-S, 


PROTECT your valuables with an 
engraving tool of tungsten carbide. 
$3.89 Ppd, No C.O.D.'s. Satisfaction 
Or your money back. Robert Manley, 
4126 Rosewood, Los Angeles, 


AVOID Lemons — Buying Used Car?? 
Guide $3.00. JHS, 14528A 159th 
Street, NY 11434, 


"CONSUMER Gulde to Shopping By 
Mail" For your Free copy send a self- 
addressed, stamped long envelope to: 
DMMA/NY Dept. PS, 6 East 43rd 
Street, New York, NY 10017. 


92  MODELS—SHIPS, 
CARS, PLANES, ROCKETS 


MODEL Horse Drawn Vehicles 
Easily Built from Plans, Kits, Acces- 
sories. Illustrated Catalogue - $2.00. 
B. Voisey Plans, 205 City Road, Fen- 
ton, Stoke-on-Trent, Staffs, England 
std 25W. 


BUILD museum-quality ship models, 
gun models, dollhouse room settings. 
1980 Model Catalog features complete 

construction 


pages. Only $1.00. 
Company, Dept. PS, Route 128, Ded- 
ham, MA 02026. 


94 FOR INVENTORS 


NONPROFIT foundation helps inven- 
tors. Widest range of services. Free 
recording forms. Free evaluation. 
filiated Inventors Foundation, 501-A 
Towa, Colorado Springs, CO 80909. 


LEARN how to offer your invention 
for sale or license. "Free Booklet 
Outlines procedures, royalty rates, re- 
quirements. Kessler Sales Corporation, 
C-71-FI, Fremont, OH 43420. 


TENT ATTORNEY — serv 


Inven- 


tors By Mail. Box 405, Medfield. MA 
02052. 
NEW! “Patenting Your Invention 


Yourself,” $29.95. Money Back Guar 
antee! "Registered Patent Attorney, 
7400-PS Benjamin Franklin Station, 
Washington, DC 20044 


PATENT IT ECCNCMICALLY! Free 
details. N. Rainer, 2008 Fondulac Rd., 
Richmond, VA 23229. 


REGISTERED PATENT ATTORNEY. 
Applications and Searches. Mail Ser- 
vice. Free Preliminary Review. Box 
392. Millwood, NY 10546. 


NEED HELP, 


IDEAS, new products 
needed by innovative manufacturers, 
Marketing assistance available to indi- 
Viduals, tinkerers, universities, com} 
nies with feasible concepts. Write for 
Kit-PS, IMI, 701 Smithfield Street, 
Pittsburgh, PA 15222. 


95 INVENTIONS WANTED 


MANUFACTURER SEEKING INVE! 
TIONS. ADVANTEK INTERNATI 
1100 17th NW., WASHINGTON, 
20036. 


INVENTORS: Free information on 
offering your invention for sale. 
ler Sales Corporation, C-T1-IW, e 
mont, OH 434 


INVENTIONS WANTED 


FREE CONSULTATION e NO IDEA TOO SMALL 


E ect Cash or royalties from 
rers seeking new ideas. For free Infor- 
maton on how W prvect your eas. Call or Write. 


American Inventors Corp. 


West Springtons MA iced i3) 797-5978 
A Fee Based Service 


97 GOOD EATING 


FAMOUS Kentucky Chicken recipe, 
contains eleven herbs and spices. Send 
$1.00 plus stamped envelope: Bert 
Stenseth, Box 5007-PS, Ft. Lauder- 
dale, FL 33310. 


98 WEARING APPAREL 


CUSTOM Sheepskin and Leathere— 
d to Toe. Brochure 50c. Sun- 
uffey, CO 80820. 


100 WANTED TO BUY 


TUNGSTEN Carbide, Tungsten, Ti- 
tanium, Tantalum Stellite. Consumers. 
Walker Metallurgical, 14111 Schaefer, 


from 
ices 


Detroit, MI 48227. Toll Free 1-800- 
521-8484. (In Michigan, (313) 273- 
0500 collec! 


Price 

12389 S. Minges, 

49017, (616) 979-4075, call ' col- 
lect. 


$555 POUND For Scrap Carbide. 
4515), 968-6554. This offer expires 
/ 


QUICKSILVER, _ pla! 
gold! Ores analyzed. Mercury Termini 
Norwood, MA 02062. 


105 MISCELLANEOUS 


HISTORICAL — CASSETTE 
“KENNEDY PRESIDENCY.” 
$5.00. Tower, Lewes, DE 19958. 


MAGNETS All Types, Special — 20 
dise, or 10 bar, or 2 sticks, or B 
assorted ma $1.00. Magnets, Box 
192-B, Randallstown, Mb 21133. 


CLEVER NEW DEVICE gives you in- 
home protection against theft for your 
cash and valuables. See WALL-IT dis- 
play ad on page i73. 


WIN CASINO GAMBLING GAMES! 
Blackjack, Craps, Roulette, Slots, Keno! 
Information: Venture-CPS, 4001 East 
Fanfol, Phoenix, AZ 85038, 


FREE BOOK. Prophet Elijah Coming 
Before Christ. Megiddo Mission, Dept. 
58,481 Thurston Road, Rochester, NY 


105A HEALTH 


PROSTATE TROUBLES? Easy, drug- 
ess treatment quickly relle.2e pain, 


TAPE: 
Mail 


swelling. Clinic proven, Free 
formation, C Tammya. Box S3-PS, 
Semmes, AL 36575. 

106 PERSONAL 


INVESTIGATORS. Latest Electronic 
Aids., Write: „Clifton, Box 220-F, 
FL 33168. 


RETIREMENT Succes » of 
dees. 12 issues pius 2 months fre! 
Only $18. Money back guarantee. New- 
Future, 56 Orchard, Levittown, PA 


“THIRTY Days To 


elf-Improv 


ment" $3.50. Regal Ideas, Box 202, 
Southfield, MI 48037. 
COLLEGE DIPLOMAS — WITHOUT 


CLASSES. Accredi 


ed Degrees by Mall. 
is. EACS. Box 33428, 
Ve WA 98133. 


BE Ordained Minister - $10.00 
Donation. Perform Marriages, etc. Lo- 
gal Credentials. World Church, Route 
2, Goodlettsville, TN 37072. 


TWENTY Famous International Reci- 
s -,53.00. DeeJay, Box 272-PS, 
jorth Palm Springs, CA 92258. 


A COMING Whirlwind to sweep this 
earth! Free ‘Information! Write: Har- 
vest, PS, Jefferson City, MO 65102. 


ADVANCED TITLES/DEGREES Min- 
isters, Honorary Doctorates, other S 
vices available, Omnidenominational 
Free Details. Acquarian Church, 432- 
PS PCH, Hermosa Beach, Ca 90254 


PLAY CRAPS TO WINI New Busi- 
ness Approach. Computer Tested, Guar- 
aneed, Send $5.00 Today. Felicity Sys- 
tems A010, Box 113, Westminster, CA 
92683. 

BECOME An Ordained Minister. Froe 
ministerial credentials legalize your 
right to the titlo "Reverend." Write: 
Church of Gospel Ministry, | 486-PS 
C Chula Vista, CA 9201 

ci Documents (all 
kinds Authentic!! Cata- 
logue 25c: LTD Documents, Box 3910- 
U9, New Hyde Park, NY 11040. 


106A HAIR CARE 


NATURAL Products— Finest quality! HAIR 
FARMINGG) KITS— Complete programs for 
men/women with hair loss problems. HAIR 
FERTILIZER& — Vitamins for hair/best formula, 
JOJOBA hair/skin cosmetics - pH acid - bal- 
ancediproten enriched. BRUSHES ior nai 


Skivnais/teeth - wood finish/boar bristles, 
Write today for free info. 
ROGLY RESEARCH. 
Box 570726, (PS-180) 
Miami, FL 33157 


107 HEARING AIDS 


SAVE Money. Newsletter tells how 
ve when buying hearing aids. Send 
©. Box 446, 


to 


$2.00 to: Self Help, P. 
Sherman, TX 75090. 


FREE HEARING AID CATALOG— 
SAVE Y,— by Maill Write “MON- 
EYSAVER: 9530-PS-1 Langdon, 
Sepulveda, CA 91343. 


GOLD, Silver. Platinum! Free infor- 
mation! 'Amer.can Meta's, Box 30009- 


PS, Charleston, SC 29407. 


102 TREASURE FINDERS, 
METAL DETECTORS 


GOLD DREDGE PLANS, also com- 
plete information. and forms 
Stake a mining claim Send $3.00 tor 
Gold, P. O. Box 907, Los Banos, CA 


FIND old coins, jewelry, gold nu 
gets. New patented revolutionarv de- 
vice. Free catalog. Gardiner, 4729L N. 
Tth Ave.. Phoenix, AZ 85013. 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial, Batteries whole- 
sale. Terms Arranged. Lloyds-PSC, 
Rockford, IL 61104, 


HEARIN 
2. PRICE CATALOG FREE 


© SUPER SAVINGS! Newest, Finest. 
pau types. Buy DIRECT & save up 


to HALF! No salesmen. Sold by 
PAIR MAIL on HOME TRIAL. FREE 
pCetslos. Write: “MONEYSAVERS, 


Dept. PS-1D, 9530 Langdon Ave., 
I Sepulveda, Cal. 91343 


Popular 
Science 


101 Learn Glass Etching Brochure illustrates 
how windows, mirrors, peto doors, china cabi- 
nets, and more can be decorated with perma- 
nently etched desi; gns ruang piece Etch glass- 
etching method. 


102 TV Computer Games Video Computer 
System, the coniparterted electro nie video- 
ime system, to give family mem- 
rs hours of fun. Two peddle controllers, Com- 
bat-Game Program, and other features are de- 
sored in exciting color booklet from Atari. 
ree 


103 Black & Decker Power Tools Ninety-two- 
Pra catalog from Black & Decker Consumer 
roducts shows complete line of r tools, 
ries, trade tools, lawn and 

ind household products. 


104 Southern Comfort Famous reci- 
pe booklet tells how to improve drink mixes. 
Includes Corel) cocktails and recipes for 
many new drinks. From Brown-Forman Distill- 
ers Corp. Free 


105 Arms The 
rre pe 
boots, clothii ing tackle and "golf 


qoot a naia Y in p catalog from. 


Browning. Fi 


106 Knife Catalog Buck Knives offers new 
pocket-size color catalog of its complete line of 
sheath, lock-open blade md d noce ives, plus 
sharpening accessories. Fi 


107 More on Pocket Knives “How to Choose 
and Care for Your Pocket Knives” is an illustrat- 
‘ed brochure that pe po. f knives, blad 

shapes, parts of a poci and tyj 
ting edges and grinds; aS on sharpen- 
ia and caring for pockat and hunting knives. 
From Case Cutlery. 25¢ 


109 Decorator Wall Paneling Colorful range 
of decorati ideas for paneled rooms is shown 
in 26-page let from Champion Building 
Products. Also ‘ncluded are how-to tips on se- 
lection and installation. 50¢ 


information 


Information on how to 


Ji damaged windshield without repl: 

ira lacin, 

it, ata fraction of the cost. From Clear Star, mare 
Macher of a new do-it-yourself glass filler. 
ree 


111 Electrically Adjustable Bed Brochure de- 
scribes El ae way to sleep. Bed ad- 
paw over 1000 positions; available with heat 

nd massage units. From ‘Craftmatic Comfort 
Mig. Free 


112 Tilling Your Garden Describes how to 
plan a vegetable garden, prepare a seedbed, 
and care for pet. includes planting map and 
planning chart. From John Deere. Free 


113 Home Alarm System Brochure from Del- 
ta Products features Minuteman Alarm System 
with battery backup, power hookup for addi- 
tional sensors. Free 


114 Brain Food: A Catalog of Computer Infor- 
Thirty-two-page booklet describes Dil-’ 

ithium's books on microcomputers for educa- 

tion, business and manufacturing use; ks 

grammable calculators and computer dre! 

and lar computers such as Apple, Radi 

E leathkit and others. Free 


115 Fine Metal 


Shop, Inc. Each is clearly 
sorted workshop accessories also included. 


116 Motor Home Insurance Buyer's Guide A 
specialized vehicle requires specialized insur- 
ance. Guide offers practical advice on buying 
motor- ie insurance, gives details on Fore- 
most ingurance Company's motor-home insur- 
ance policy. Free 


117 Pressurized Cooling System Valuable in- 

formation about ‘automotive coolii ng ies 

Inr QNO are care a iea n illustrat- 
ed booklet from Fre-Bar, Inc. Free 


118 Rhino Pocket & Hunting Knives Gesco 
Cutlery's brochure illustrates the variety of 
models in its quality line of hunting, pocket, and 
folding-lock blade knives. Free 


119 Fireplace Planning Kit Large color fold- 
out includes full-size template for determining 
ideal location for your fireplace. Brochure gives 
tips on how to install a woodburning fireplace in 

almost any home. Specs included, leatila- 
tor Fireplace. 25¢ 


Booklets, catalogs, and folders listed below pro- 
vide reliable information, illustrations, and spec- 
ifications to help you in planning the purchase of 
a variety of products or services offered by these 
dependable companies. The convenient order 
form will save you time and postage. 


120 Contemporary & Traditional Homes Col- 
lation of new piane. | in i e aco 
and contemporary designs, for 's lifestyles 
and future [vM 100 new homes from 
Home Building Plan Service. $2.95 


121 Jacuzzi Whirlpool Baths Thirty-: pu pape 
booklet shows illustrations, diagra 

tions and specifications of the com s line Di 
Jacuzzi whirlpool baths and spas. Free 


122 How to Build a Deck Highlights design 
and erection of wood decks. Included are sche- 
matic drawings for deck structures, step-by-step. 
installation and building tips, and information 
on Wolmanized pressure-treated lumber for 
outdoor construction. The 24-page booklet is 
from Koppers Co., Inc. $1 


123 Minox 35GL Camera Improved, pocket- 
sized, camera from Leitz, Inc., weighs less than 
seven ounces and accepts 35-mm film. Bro- 
chure describes it. Free 


124 Fuel Additives Marvel, maker of Marvel 
Mystery Oil, offers an eight-page brochure on 
fuel additives, why they're needed, when to use 
them, how they boost gas mileage. Free 


125 Home Repair Guide Tips on plumbing, 
wiring and exterior repairs. Information inclu: 
ed on membership benefits of American 
ciation of Retired Persons from National Assoc. 
Plans. Free. 


126 The Toolroom Catalog A listing of ay 
of the finest woodworking tools, produced by 
the most reputable manufacturers in Europe 
the U.S., and the Far East. Unique, fine quality 
items. Free 


127 Subaru Vehicles Information on the full 
line of Subaru vehicles, including specifications 
and standard features. Free 


128 Volvo Cars The Driver's Car brochure ful- 
ly explains and describes the excellent handling 
em Dd Denon characteristics of 1980 Volvos. 


129 Soler Heating & Cooling "Native Sun" 
pamphlet from Westinghouse describes its res- 
idential solar-energ' ay syst system that uses ai or lige 
uid-type collectors for heating, cooling and hi 
water. Free 


130 Play Golf Whispering Palms Golf 
& Country Club offers a new. playing range c con- 
cept for you to sharpen your shotmaking. Free 
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Don't ask a car to do a van's job. 


Pity, but one must accept the fact that there are simply some 
things that a car, or even a station wagon, can't do. And yet, it's 
some of these very things that aGMC van can so easily accomplish. 

For example, some models can be equipped to carry up to 
12 people. Take the ball team out to the ball game. Carry the 
whole crowd to Aunt Delia’s for lunch. Then remove the seats 
and haul a couch and a rocking chair. Maybe two rocking chairs. 

Trucks are what we're all about. Or a GMC can even serve as your very own sanctuary in 
the wooliest part of your camping trek. 

The point? A GMC van can do all that. And more. You can furnish it—and that's what you'd really 
be doing—any number of ways. For lots of people. For lots of possessions. Or for both. 

And, should separation from the familiar environment of the family car cause you undue anxiety, 


rest assured you can compose yourself with available carlike [1980 GMC  EPAEst Est. Driving Range 
options. Air. Stereo. Tilt wheel. Cruise Control, and more, for | Ven MPG Acute Sanal d 
15 
495 miles 


example. Make yourself even more comfortable with options 
like reclining swivel buckets. 

In truth, why settle for just a car when a GMC van can 
be so much more? You'll find the world looks a lot nicer 
through that big wide windshield. Try it out. At your GMC 
dealer’s soon. 


Remember: Compare this estimate to the 
“estimated MPG" of other vehicles. Your actual 
mileage and range may be different and will depend 
on your speed, weather and trip length. Range esti- 
mates are obtained by multiplying the EPA estimates 
by the optional fuel tank capacity rating for GMC vans 
which is 33 gallons. Estimates lower in California, 


ich Lights 


from Viceroy 


Theres never been.a more satisfying switch. 


The rich low‘ttar’ 


| Warning: The Surgeon General Has Determined 
| That Cigarette Smoking Is Dangerous to Your Health. 
9 mg. "tar", 0 .8 mg. nicotine av. per cigarette by FTC method. 1 
ee 


